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INTRODUCTION. 


THE Triassic system took its name from the peculiar three- 


fold development in the Germanic basin, in which at the base are 


beds of sandstone, in the middle are massive and shaly lime- 
stones, and at the top, clay shales and thin beds of quartzite. 
This basin was an interior sea, wholly cut off from the outside 
world during the greater part of its existence; but its sediments 
are so accessible to students of European stratigraphy that its 
local names have been used to designate subdivisions of the Trias 
all over the world. And ever since the extension of local names 
became customary, geologists have been sorely puzzled to know 
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how to identify the pelagic equivalents of ‘Buntsandstone, Mus- 


chelkalk and Keuper, since those inland deposits never contain 
any of the open-sea species. 

Instead of being the type of the Trias, the Germanic basin 
sediments are the exception, and the type is to be sought in 
strata that were laid down along the borders of open seas. These 
have long been known in the limestones and shales of the Alps, 
Himalayas, Salt Range, Siberia, and western America, but the 
nomenclature has always been obscured by local names without 
meaning except to the man that gave them. There is, therefore, 
an urgent need for some uniform system of nomenclature by 
which Triassic open-sea sediments may be correlated directly 
with each other, without reference to the old and unrecognizable 
divisions. 

Quite recently the Vienna geologists, Dr. E. von Mojsisovics, 
Dr. W. Waagen, and Dr. C. Diener, have attempted to give the 
desired classification, in a paper entitled: ‘“ Entwurf einer Glie- 
derung der pelagischen Sedimente des Trias-Systems,’’"* The 
authors divide the Triassic pelagic deposits into four series, Scy- 
thic, Dinaric, Tirolic, and Bajuvaric; and these again into stages 
and substages, and further into zones, the latter having usually 
only a local value. The present paper is based largely on 
the classification of Mojsisovics, Waagen, and Diener, and is 
intended to show the relations of American marine strata to 
those of the European and Asiatic regions; the accompanying 
correlation table is adapted from that of the same authors, as is 
also the nomenclature of the subdivisions. 

Geography of the Trias. The principal regions where Triassic 
faunas are known are the Alpine province, the Himalayas and 
Salt Range, northern Siberia, and western America. The faunas 
of these countries seem to be so different that they may be taken 
as representing ancient geographic regions.* In Mesozoic times 

* Sitzungsber. Kais. Akad. Wissenschaften Wien. Math. Nat. Cl. Bd. CIV., Abth 
I. December 1895, pp. I-32. 


Mojsisovics, Arktische Triasfaunen, Mém. Acad. Impér. Sci. St. Petersbourg, VI! 
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a sea stretched through southern Europe, eastward to the Hima- 
layas ; this was years ago called by Neumayr the ‘Central 
Mediterranean,’’ and Suess’ has recently proposed for it the 
name Thetys. 

Along the western borders of the Thetys were deposited the 
Triassic sediments of the Alps, Spain, southern Italy, the Bal- 
earic Islands, Sicily, Hungary and the Balkan Peninsula. This 
region was named by Mojsisovics* the Mediterranean Trias prov- 
ince. Most of the faunas of the Trias, from near the base to 
the top, are represented in this region. 

To the east the Thetys spread out to the waters of the Indian 
region, in which the sediments of the Himalayas and the Salt 
Range accumulated. The Indian waters joined on the north, 
east, and south with the great Arctic-Pacific Trias ocean, or 
Arctis of Mojsisovics, along the borders of which were deposited 
the sediments of northern and eastern Siberia, Spitzbergen, Japan, 
Rotti, New Zealand, New Caledonia, Peru, and western North 
America. But in this ocean region there were many provinces 
as yet unknown, or only vaguelv defined. 

The provinces themselves, and even the greater geographic 
regions, were not constant during the entire Trias, for some of 
the genera show an entirely different distribution during succes- 
sive epochs. And even where faunas are common to different 
regions or provinces they do not always occur at the same hor- 
izon. Mojsisovics? has shown that during the Lower Trias, or 
Scythic series, the Mediterranean province was cut off from the 
Indian and the Arctic-Pacific waters, since it had elements that 
were lacking in those regions, as 7iro/iting, and lacked many 
others that were plentiful in the Oriental waters, as Ovoceras, 
Ophiceras, Gyronites, and Flemingites. Also many faunal elements 
that were exceedingly plentiful in the one region were rare in 
the other. Mojsisovics‘ further noted that during the Dinaric 


* Nat. Sci. Vol. II. No. 13, March 1893. 
2 Abhand. K. K. Geol. Reichsanstalt Wien, VI Band, II Haelfte, Das Gebirge um 
Hallstadt, I Abtheil, II Band, p. 811. 


3Arktische Triasfaunen, pp. 143-155. 4 Loc. cit. 
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division, or Middle Trias, communication had been opened 


between the Mediterranean and the Indian regions; thus in the 
Bosnic substage some faunal elements of the zone of Ptychites 
rugifer are common to both regions: From that time on the 
Triassic faunas of these two regions show strong resemblances to 
each other. The connection of the Indian with the Arctic region 
continued, but was growing less marked. 

The writer* has demonstrated that the Arctic-Pacific region 
could hold good only for the Lower Trias, and that during 
the Upper Trias, Tirolic series, the faunas of California were 
nearly identical with those of the Himalayan and Alpine prov- 
inces, the zone of Zyropites subbullatus being clearly defined and 
with nearly identical faunas in all three regions. 

Thus in Tirolic time the Arctic-Pacific sea, or Arctis, 
must have been broken up, and the faunas of the Mediterranean 
region, or Thetys, must have mingled with those of the great 
ocean. But that there were other Triassic regions, at present 
unknown, is seen from the fact that Zvopitde appear suddenly 
in great numbers and without local ancestors during the 
Karnic stage of the Upper Trias in both California, India, and 
the Alpine province. The province where the Tropitide origi- 
nated is as yet unknown, but it probably lies outside the Mediter- 


ranean, and somewhere within the Arctic-Pacific region. 


SUBDIVISIONS OF THE TRIAS. 
SCYTHIC SERIES. 


Brahmanic stage. —The lowest series of the Trias was named 
by Waagen and Diener’ from the region of its most typical 
development in Asia. It is divided into two stages, the Brah- 
manic and the Jakutic. The Brahmanic stage is further divided 
into two substages,an oider or Gangetic, and a younger or 
Gandaric. The Gangetic substage is known only in the Hima- 
layas, where it is represented by the Ovoceras beds, or zone of 
Otoceras woodwardi, the fauna of which consists chiefly of 

* JouURNAL GEOL., Vol. Il, No. 4, pp. 375-376. 


? Entwurf einer Gliederung der pelagischen Sedimente des Trias-Systems, p. 8. 
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Danubites, Proptychites, Prosphingites, Koninckites, Flemingites, Meek- 
oceras, Ophiceras, Otoceras, and Medlicottia. The two last genera 
begin in the Permian, but live on intothe Trias, Ofoceras increas- 
ing in numbers, and Medlicottia becoming scarcer. These beds 
and their fauna have been described by C. L. Griesbach,* and 
C. Diener.” They lie just above the Productus shales of the 
Permian and the sediments grade over gradually from one forma- 
tion into the other; thus the chasm between the Palzozoic and the 
Mesozoic is at last bridged over. A complete monograph of 
this fauna will appear soon in a report by Dr. C. Diener, in 
Palzontologia Indica, Ser. XV, Vol. II. 

The upper or Gandaric substage is represented by marine 
faunas only in the Salt Range, where it was described by W. 
Waagen.? It comprises the lower Ceratite limestone, and the 
Ceratite marls. The lower Ceratite limestone is the zone of 
Gyronites frequens, and has a cephalopod fauna consisting of 
Dinarites, Ambites, Proptychites, Kymatites, Meekoceras, Koninckites, 
Lecanites, Gyronites, and Prionolobus, all Letostraca but one. 

The Ceratite marls comprise two zones, that of Proptychites 
lawrencianus Koninck, and above that of P. ¢rilobatus Waagen ; 
their cephalopod fauna consists of Proptychites, Meekoceras, 
Koninckites, Gyronites, Prionolobus, Clypites, Ambites, Kingites, and 
Danubites. 

The Proptychites beds are further represented in the region of 
the Gulf of Ussuri in eastern Siberia, where they have been 
described by Dr. C. Diener.‘ 

Jakutic stage — The Jakutic stage is most typically developed 
in the Salt Range, where it is represented by the Ceratite sand- 
stone, the fauna of which, according to Waagen,> consists of 

*Palxont. Notes on the Lower Trias of the Himalayas, Records Geol. Survey 
India, XII, 1880, pp. 94-113. 

* Denkschr. K. Akad. Wiss. Wien. Bd. LXII, 1895, pp. 571 et seq. 


Fossils from the Ceratite Formation. Pal. Indica, Salt Range Fossils, Ser. XIII. 
Vol. Il, 1895. 

* Triadische Cephalopodenfaunen der ostsibirischen Kiistenprovinz. Mém. Com. 
Géol. St. Petersbourg, Vol. XIN . No. 2. 


Pal. Indica, Ser. XIII, Salt Range Fossils, Vol. Il, 1895. 
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A ymatites, Kingites, Meekoceras, Koninckites, Gyronttes, Paranorites, 
Proptychites, Flemingites, Parakymatites, Aspidites, Lecanites, Priono- 
lobus, Dinarites, Ceratites, Prionites, Celtites and Acrochordiceras. 

In the Himalayas the Jakutic stage is represented by the Swé- 
robustus beds, whose fauna, as listed by Diener," consists of Cera- 
tites, Danubites, Hedenstreamia, Meekoceras, Lecanites, Aspidites, 
Proptychites, and Flemingites, of species nearly related to, and in 
some cases identical with, forms known in the Salt Range Cera- 
tite sandstone. 

This stage is further known in northern Siberia, near the 
north of the Olenek River; Mojsisovics* has described its fauna, 
which consists of Dinarites, Ceratites, Sibirites, Meekoceras, Heden- 
stramia, Kingites, Prosphingites, Goniodiscus, Popanoceras, Pleur- 
nautilus, and Atractites. Two of the most characteristic species, 
Hedenstremia mojsisovicst Diener, and Ceratites subrobustus Mojsis- 
ovics, are common to the Olenek beds of Siberia, the Ceratite 
sandstone of the Salt Range, and the Swbrobustus beds of the 
Himalayas. 

In America the Lower Trias, and probably the Jakutic stage, 
is represented in the Meekoceras beds of the Aspen mountains in 
southeastern Idaho, the cephalopod fauna of which consists of 
Meekoceras gracilitatis White, M. aplanatum White, M. mushbachi 
anum \Nhite, and Arcestes? sp? These species are somewhat 
related to forms from the Ceratite sandstone of the Salt Range, 
and during Jakutic time the western American seas must have 
been connected with those of India. 

In California there are strata that probably belong to the 
Jakutic stage; in the Santa Ana Mountains, Orange county, Mr. 
H. \W. Fairbanks found in a massive black limestone fossils that 
probably indicate Lower Trias. They consisted of Psendomonotis 
aff. clarai, a trachyostracan ammonite, and an undetermined 
brachiopod, probably Rhynchonella. Pseudomonotis clarai is diag- 
nostic for the Werfen beds, upper part of Lower Trias, in the 

*Denkschr. K. Akad. Wiss. Wien., Math. Nat. Cl. Bd. LXII, 1895, pp. 571 et seq. 


2Arktische Triasfaunen. 


12th. An. Rep. U. S. Geol. Surv. Terr. Part 1, pp. 105-118. 
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Alps, and its near relative may belong to the same horizon in a 
different geographic province. 

In Shasta county, California, the Pitt formation consists of a 
series of siliceous shales probably in part of Lower Triassic age, 
but no fossils have yet been found in that part of the series." 

Outside the Arctic-Pacific region the Jakutic stage is repre- 
sented in the Alpine province by the Werfen beds, zone of 
Tirolites cassianus; this fauna has long been taken as the type of 
marine Lower Trias, until the rich discoveries in India have 
shown the comparative poverty of the Alpine fauna. In the 
Mediterranean region are known in this stage only twenty-five 
Cephalopoda against two hundred and twelve in the Asiatic region. 


DINARIC 





SERIES. 





Hydaspr slage. 


-Faunas of the Hydaspic stage are known 
with certainty only in the upper Ceratite limestone of the Salt 
Range,’ where forty-one species have been described, consisting 
chiefly of Dinarites, Ceratites, Prionites, Danubites, Celtites, Acrochor- 
diceras, Stephanites, Sibirites, Gontodiscus, Meekoceras, Lecanites. 
Thirty-five of these species belong to the 7rachyostraca, and only 
six to the Letostraca, a marked contrast to the distribution in the 
Scythic series. 

The Posidonomya limestone of Spitzbergen may belong here, 
if one may judge from the stage of development of the ammon- 
ites, as may also the limestone of Chitichun in Thibet, according 
to Dr. Diener.‘ 

Anistc stage —The type of the Anisic stage is found in the 
Muschelkalk of the Mediterranean region, where it is divided 
into a lower substage, Balatonic, zone of Ceratites binodosus, and 
on upper, Bosnic, zone of C. 7rinodosus. These faunas have been 
described in many works, but all the species have been summed 
*J. P. Smiru, Jour. GEOou., Vol. Il, No. 6, p. 601. 


2W. WAAGEN, Fossils from the Ceratite Formation, Pal. Indica, Ser. XIII, Salt 
Range Fossils, Vol. II, 1895. 


Moystsovics, Arktische Triasfaunen, p. 152. 


‘Denkschr. K. Akad. Wiss. Wien. Bd. LXII, math. nat. Cl., 1895, p. 596. 
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up by Mojsisovics in ‘Die Cephalopoden der Mediterranen 
Triasprovinz,”* and later F. von Hauer has described many 
species from the Muschelkalk of Bosnia,’ from which this sub- 
stage takes its name. 

In the Himalayas the Balatonic substage is represented by 
the zone of Sidirites prahlada, and the Bosnic division by the zone 
of Ptychites rugifer. 1n this horizon there are three species com- 
mon to the Mediterranean and the Indian regions, Orthoceras 
conf. campanile Mojsisovics, Proarcestes balfouri Oppel, and Sturia 
sansovini Mojsisovics, and other closely related. Certain beds 
of the Salt Range also belong here, but their fauna is too poor 
and too little known to be comparable. 

In the Asiatic region. the Anisic stage is represented on the 
shores of the Sea of Marmora;‘ further on the Island of Russkij 5 
near Wladiwostoc, Siberia; near the mouth of the Olenek River;‘ 
also, according to Dr. Diener, near the mouth of the Lena. 

The Posidonomya limestone and the Daonella limestone ot 
Spitzbergen, according to Mojsisovics, represent the Dinaric 
series, the former probably the Hydaspic, and the latter proba- 
bly the Anisic stage. 

F. B. Meek? has described from Star Peak, Nevada, a num- 
ber of Triassic species, part of which, according to Pro- 
fessor A. Hyatt,® belong to the Muschelkalk horizon. Waagen 
and Diener? erroneously make Hyatt cite Muschelkalk from 
Plumas county, California, but Hyatt’s remarks referred only to 
Nevada. There are, however, in California strata probably of 

* Abhandl. K. K. Geol. Reichsanstalt Wien. X Band, 1882. 

2 Denksch. K. Akad. Wiss. Wien. Math. Cl. Bd. LIV, 1887, Die Cephalopoden 


des bosmischen Muschelkalkes von Han-Bulog in Sarajevo; and #ézd, Bd. LIX, 


1892, Beitrage zur Kenntniss der Cephalopoden aus der Trias von Bosnien. 
3C, DrENER, Cephalopoda of the Muschelkalk. Pal. Indica, Ser. XV, Himalayan 
Fossils, Vol. II, Part 2. 
4According to the paper by WAAGEN, DIENER and MOJsIsovIcs cited above. 
5C. DIENER, Mém. Com. Geol., St. Petersbourg, Vol. XIV, No. 3. 
® Moysisovics, Arktische Triasfaunen. 
7U. S. Geol. Expl., Fortieth Parallel, Vol. IV. 
® Bull. Geol. Soc. Am., Vol. III, 1892, p. 400. 
9Entwurf einer Gliederung der pelagischen Sedimente, etc., p. 26. 
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Dinaric age. The writer’? has described a series of shales in 
Jour. GEOL., Vol. Il, No. 6, p. 602 

Shasta county that have the stratigraphic position of the Mus- 
chelkalk, and a few species of fossils not incompatible with that 
age; they are 7rachyceras? conf. whitneyt Gabb, Pseudomonotts 
sp., and Proarcestes sp., and some others not identified. The 
fossiliferous shales lie about 1500 feet below limestones of Karnic 
ages, with the fauna of the Swddu/latus zone, and conformably 
with them. 


rIROLIC SERIES. 


Norte stage —For the Upper Trias the Tyrolean Alps have 
always furnished the types of marine development; the faunas 
of this series have been compiled and described by Mojsisovics 
in “Die Cephalopoden der Mediterranen Triasprovinz,” and 
‘Das Gebirge um Hallstadt,’”’ although the works of von Hauer, 
Klipstein, Laube, and others have contributed largely to our 
knowledge of the fossils. 

The Noric stage in its typical development is known only in 
the Alpine region, where it is divided into the Fassanic and the 
Longobardic substages; but a somewhat different facies occurs 
also in Japan,' although the substages cannot be recognized. 

In North America, too, are found strata probably of Noric 
age, in British Columbia;* in Nevada, where part of the Star 
Peak section belongs to the Noric;3 in California where its 
fauna and stratigraphy have been described by various authors.* 
The reference of the western American beds to the Noric hori- 
zon is based chiefly on the occurrence in them of several species 
ot Monotis and Halobia allied to Noric forms and to the identity 
of several of the American species with those from Japan. 

'Moystsovics, Ueber einige Japanische Triasfossilien. Beitr. Palzeont. Oesterreich 
Unwgarns, etc., Bd. VII 

2J. Fk. WHITEAVEs, Contributions to Canadian Palzontology, Vol. 1, Part 2, pp. 
127-149 

U S. Geol. Expl. Fortieth Parallel, Vol. IV. 


*W. M. Gaps, Palwont., Calif., Vol. lL; A. Hyatt, Bull. Geol. Soc. Am., Vol. 
II1., pp. 395-400; J. P. Smirn, Jour. GEOL., Vol. II., No. 6, pp. 603-606. 
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Karnic stage —The Mediterranean region has furnished the 
type for the Karnic stage, and its fauna has been summed up 
by Mojsisovics in the two works cited above. In the Alps this 
stage is divided into a lower or Cordevolic substage, zone of 
Trachyceras aon, represented by the St. Cassian beds; a middle 
or Julic, zone of 7. anonides, whose type is the Raibl beds; and 
an upper or Tuvalic, which is represented by the Sandling beds, | 
the most characteristic fossils of which are 7vopites subbullatus 
Hauer, and its near relatives. 

Outside the Mediterranean region the Karnic stage is repre- 
sented in the Himalayas," where characteristic faunas of the Julic 
and Tuvalic substages occur; probably on the Island of Rotti’ 
in the Indian Archipelago; and in California, where its fauna 
has been described and listed in the same papers that were cited 
under the Noric stage. 

Faunal anomalies.—I\n the Mediterranean region the lower 
and middle Karnic substages are characterized by the prevalence 
of Trachyceras and Protrachyceras and the absence of Tropites ; 
while in the upper Karnic 7rachyceras and Protrachyceras have 
disappeared, being replaced by Szrenites; while Zropites and its 
allies make up a large part of the fauna. This is also true of 
the Himalayan province, where the Swdéullatus fauna appears 
after that of 7vrachyceras aon, and not intermingled with it. In 
those regions 7rachyceras does not seem to have left any descend- 
ants in upper Karnic time, and 77vopites and its near allies seem 
to have no local ancestors, but have migrated in from some region 
outside the Thetys sea. 

In the Karnic beds of California? just at the top of the 
Halobia slates, are found great numbers of /rotrachyceras and 
Strenites, associated with 7ropites Subbullatus Hauer, and numer- 
ous other species of Zropites Bullati. One of the Protrachycerata 

*C. Diener, Denksch. K. Akad. Wiss. Wien, math. nat. C. Bd. LXII, 1895. 

2A. ROTHPLETZ, Perm Trias und Juraformation auf Timor und Rotti, Palzwon 
tographica, 39 Band. 1892. 


For the stratigraphy of this series see JOURNAL GEOLOGY, Vol. II, No. 6. J. P. 
SMITH: The Metamorphic Series of Shasta county, California; and Bull. Geol. Soc. 





Am., Vol. III, A. Hyatt, Jura and Trias at Taylorsville. 
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resembles closely P. Attila Mojsisovics, a characteristic form for 
the middle Karnic, zone of 7vachyceras aon in the Mediterranean 
region. The numerous species of Sirenites all seem to belong to 
the group of Senficost, characteristic of middle Karnic; the half 
dozen or more species of Paratropites might belong to either the 
middle or the upper horizon, as might also the species of 
Eutomoceras. But Tropites of the group of 7. Bullati, and Sagenites 
( Zrachysagenites), of the group of S. herbichi Mojsisovics, are 
characteristic of upper Karnic. The writer* previously called 
attention to a part of these faunal anomalies, but their full extent 
was not appreciated at that time. 

In the lower part of the Hosselkus limestone of Shasta county, 
California, there is an undoubted mixture of the middle and 
upper Karnic faunas. This apparent anomaly might be explained 
in two ways. Since /vopites and its near allies appear as immi- 
grant faunas in the Karnic of the Mediterranean region, the 
Himalayas and California, it is possible that they may have 
reached California earlier than they did the other regions, and 
while the middle Karnic fauna still predominated. Or, on the 
other hand, it may be that Protrachyceras and other members of 
the /rachyceras aon fauna lived on longer in California than in other 
known regions, so that we have a middle Karnic fauna persisting 
in upper Karnic time. To the writer it seems more probable 
that the Swbbudlatus fauna came in earlier, reaching California in 
middle Karnic time, especially since 7ropites seems to have been 
endemic in the Arctic-Pacific region, and since this fauna did not 
all reach California at the same time, but some came in later. 
Thus, Homerites semiglobosus Hauer, and Eutomoceras conf. guin- 
quepunctatum Mojsisovics, which in the Alps occur in the zone of 
Tropites subbullatus, in California occur only at a horizon about 
150 feet higher, and associated with a fauna that is chiefly dif- 
ferent from that of the lower zone. In this higher horizon none 
of the 7rachyerata are left, and the cephalopod fauna consists 
almost entirely of /vopitidae and Arcestidae, the former being 
represented by Eutomoceras, Tropites, Paratropites, Homerites, and 


* JOURNAL GEOLOGY, Vol. III, No. 4, p. 494. 
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Juvavites. These beds may represent the Tuvalic substage, from 
the prevalence of /uvavites of Tuvalic type, although the zone 
fossil, 7ropites subbullatus was not found in this horizon. They 
may, on the other hand, represent the base of the Juvavic stage, 
since Professor Hyatt* cites from Hosselkus limestone of Plumas 
county Rhabdoceras and Halorites, neither of which is known 
below the Juvavic stage in the Alpine region. It may be, how- 
ever, that here again we have an immigrant fauna reaching this 


region earlier than other known regions. 
BAJUVARIC SERIES. 


The Bajuvaric series is typically developed in the Tyrolean 
Alps, where it is divided into the Juvavic and Rhetic stages. 
The fauna of the Juvavic stage has been described by Mojsisovics 
in ‘Das Gebirge um Hallstadt,” and that of the Rhetic by vari- 
ous authors. 

Juvavic faunas have further been described from Asia Minor, 
Pamir, Afghanistan, the Himalayas, New Caledonia, and Peru. 
In California the upper part of the Hosselkus limestone may 
belong to the Juvavic stage, as has already been stated in this 
paper, since Rhabdoceras and Halorites occur in it. 

The Rheetic is so litthke known in its marine facies that all 
attempts to refer foreign marine strata to this horizon have failed. 
The cephalopod faunas of Rhetic age thus far known are very 
meager, and there is no way of comparing distant localities with 
each other. 

CONCLUSION, 

It can no longer be said that the Alps furnish the typical 
region even for marine Trias; each region of the earth seems to 
have some open-sea development of a stage that is lacking else- 
where, and new explorations bring to light each year faunas that 


were unknown before. Each new discovery holds out to us the 


* Bull. Geol. Soc. Am. Vol. III, Jura and Trias at Taylorsville, 


2 For the literature of the Juvavic stage see Mojsisovics, Denksch. K. Akad. Wiss 
Wien. Bd. CIV, Abth. I, p. 30, 31. 
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possibility of tracing migrations of faunas from one region to 


another, and thus following their development under new con- 
Thus the necessity of combining studies in faunal 


ditions. 
geography with those in phylogeny, is self-evident. 


JAMES PERRIN SMITH. 
ALIFORNIA, 


STANFORD UNIVERSITY, ¢ 





































THE GEOLOGY OF THE LITTLE ROCKY MOUNTAINS: 


Tue Little Rocky Mountains resemble a wooded island, 
rising 2000 to 3000 feet above the treeless plains of central 
Montana, far from the Rocky Mountain Cordillera, whose near- 
est foothills lie 180 miles tothe west. They form a conspicu- 
ous geographic feature of a region which is generally destitute 
of any prominences or land marks for the traveler, and hence 
are appropriately called by the Indians “ Eah héa weetan”’ or 
the Island Mountains. They are situated north of the Missouri, 
between that stream and the Milk River, sixty miles south of the 
international boundary line. The mountains are formed by a 
dome-shaped uplift exposing Archean and Palzozoic rocks, in a 
region of nearly horizontal Cretaceous strata. Occurring in this 
isolated position the uplift is of special interest, as its simplicity 
of structure and distance from the complicated disturbances of 
the Cordilleran zone make the problem a peculiarly clear one ; 
while the occurrences of the older sedimentary strata and the 
relations and nature of the igneous rocks are of unusual interest, 
constituting a needed factor for the discussion of some of the 
broader problems of general geology. 

As the mountains have never been mapped, the accompany- 
ing sketch showing the drainage and relief of the region, has 
been drawn from a few field notes, the crest line being taken from 
the plat of the survey of the boundary line of the Indian reser- 
vation. The altitudes of the main peaks are approximate, but 
the map will be found useful in locating the various points men- 
tioned in this paper. 

* Published by permission of the Director of the U. S. Geological Survey. 

The present paper is based upon notes made during a brief visit to the region in 
September 1895, to report upon the mineral resources of the reservation to the Com- 


missioners appointed to treat with the Indian tribes of the Fort Belknap reservation. 
W. Hl. Weed. 
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The only geological observer who has heretofore visited this 
region is Professor E. S. Dana, who in 1875 made a visit to the 
southern slopes, east of the debouchure of Rock Creek, noted 


the occurrences of tilted Carboniferous and Cretaceous rocks, 





and described the peculiar porphyry of the laccolithic butte at this 
point." 

In general view, the mountains rise above the plain as a broad 
and low, dark mountain mass, presenting an undulating crest 
line with no sharp peaks. A few points do stand apart from the 
general mass, but when seen from a distance the uplift isa single 


* Reconnaissance from Carroll, Mont., to the Yellowstone National Park, by Col. 
William Ludlow, War Dept., Washington, 1876, pp. 127-130. 
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mountain mass rather than a chain of peaks. Several buttes ris- 
ing above the slopes of the margin of the uplift form conspicu- 
ous features of the region. The highest’summit reaches an 
elevation of over 6500 feet above the sea and about half that 
height above the surrounding plain. The scenery, though pleas- 
ing and attractive, is not grand, as the mountain summits are 
generally rounded, covered by a thick growth of small pines and 
are lacking in boldness and the usual striking features of Cor- 
dilleran topography. Numerous streams which head within the 
mountains flow in deep V-shaped gorges that trench the area, 
but their flowage is small and in summer water is found running 
only where the channel is cut in schists or porphyry. The 
scenery of the limestone belt, which forms the outer portion of 
the mountains, is quite attractive, as the heavily bedded Carbon- 
iferous limestones are cut by deep and narrow canyons and the 
stream valleys present a variety of vegetation that is most pleas- 
ing after traveling over the barren, grassy plains. : ‘ 

The only settlement within the region is the town of Lan- 
dusky, which sprang into existence in the brief weeks af ‘tevertsh 
activity consequent upon the discoveries of gold leads in the 
hills in 1894. The town is built in the upper valley of Rock 
Creek and contains some twenty or thirty houses and as many 
more uncompleted buildings stretching along the main street 
parallel to the stream ; it is surrounded by rather open acclivities 
with scattered pines and grassy slopes, above which occa- 
sional limestone crags rise abruptly. A mail road crosses the 
Indian reservation from Harlem on the main transcontinental 
line of the Great Northern Railway, to St. Paul’s Mission just 
northwest of the mountains, the road continuing over the moun- 
tains to Landusky. 

The open plains surrounding the mountains present on the 
different sides strongly contrasted surface features. To the 
south extending to the Missouri River, is an open benchland, 
with long level stretches having a uniform slope of 2° toward 
the Missouri, and showing good exposures of the soft Creta- 


ceous strata where cut by the streams. The surface has a scanty 
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covering of well-rounded stream gravel, in part of local origin 
and in part brought from glacial deposits. It is the type so 
common throughout the state south of the glacial boundary. 
North of the mountains the country is covered by the terminal 
moraine of the two continental glaciers. The surface is a rolling, 
broadly undulating plain with rounded, flat-topped ridges and 
low and wide intervening hollows. The larger drift is chiefly 
Laurentian and is mostly buried, except where washed out by 
rains or exposed on wind-blown surfaces. Bowlders over two 
feet in diameter are rarely seen. The quartzite drift of Rocky 
Mountain origin constitutes the bulk of the material and consists 
of smooth-surfaced, well-rounded pebbles and small bowlders of 
red, green, and vari-colored, well-indurated quartzites. Nearing 
the mountains the terminal moraine becomes more accidented, 
and there is a gradual ascent to a point a few miles below St. 
Paul’s Mission, where it ends. 

Cretaceous beds are seen exposed near the foothills, and 


Steep, Urassy, slopes rise up to the white wall of limestone that 


everywhere encircles the mountains. This limestone wall is per- 


‘haps the most prominent feature of the mountain mass when it 
is seen from a distance, the huge white scollops into which the 
sharply upturned beds have been cut by erosion being visi- 
ble for fifty miles from the surrounding plains. Above this 
limestone wall dark wooded slopes rise abruptly to the rounded 
summits of the mountains. 

Geological structure —The mountains are formed by a single 
dome-shaped uplift having a nucleal core of crystalline schists, 
and involving Palzozoic limestones and the softer overlying 
Mesozoic beds. This structure has been slightly modified by 
the intrusion of a great laccolithic body of granite porphyry. 
The uplift fades out in the minor puckerings of soft Cretaceous 
beds about the mountain flanks. The strata underlying the sur- 
rounding plains are essentially horizontal. This geological 
structure is shown in the accompanying diagrammatic cross- 
section of the uplift, Fig. 3, p. 412, which shows the relatively low, 


broad character of the folding and the relation of the granite 
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porphyry intrusion to the nucleus of crystalline schists and the 


overarching sedimentary beds. It is a miniature representation 


of the geological structure of the Black Hills of Dakota. 


F1iG. 2.—a Jurassic; 46 == Carboniferous; c= Siluro Devonian; d@== Cambrian; 

Porphyry ; f= Crystalline Schists. 

In the brief time spent in the region no attempt was made 
to trace out geological boundaries nor to measure detailed sec- 


tions, it being necessary to ascertain the character and age of 
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the rocks and the structure of the uplift. The accompanying 
geological map (Fig. 2) therefore represents merely a sketch of 
the surface distribution of the various rocks and their general 
relations to one another, boundaries being drawn without any 
pretensions to detailed accuracy. The great areal extent of 
the porphyry is at once seen on the map, and the fact that where 
the streams have trenched through it the underlying crystalline 
schists are exposed. 

Archean-Algonkian.—The nucleal core of the mountains is 
formed of crystalline schists. These rocks are exposed in the 
headwater gorges of all the larger streams and in the deeply cut 
saddles of the main crest or ridge of the mountains. The type 
most usually seen is a black, glistening amphibole schist, or 
amphibolite, fine-grained, dense, and compact, splitting into 
flat, bright-surfaced fragments. In the saddle west of Shellrock 
Mountain the rocks of the series are schistose, occurring in beds 
but a few feet thick and of rapidly alternating character, show- 
ing garnetiferous amphibole and mica schists, pink gneiss 
with sheared and elongated feldspear crystals, and white quartz- 
ites that are clearly altered sandstones. The presence of this 
latter rock makes it certain that the series is of sedimentary 
origin, as the original grains are well rounded though now firmly 
cemented. This would place the rocks in the Algonkian series, 
but similar schists occurring in Montana have been generally 
classed as Archean, and these beds are metamorphosed and 
quite unlike the slightly altered Belt Mountain Algonkian series. 


SEDIMENTARY ROCKS. 


The sedimentary rocks form the dominant feature of the 
region as seen from the surrounding plains. The geological 
section embraces rocks of the Cambrian epoch, together with a 
considerable thickness of rocks whose age is not definitely 
known, occurring beneath limestones carrying characteristic 
lower Carboniferous fossils. The Mesozoic is represented 
by Jurassic limestones, and a thickness of several thousand feet 


of Cretaceous beds, which are found, however, only in the hills 
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and plains country about the mountains. The following, Table I, 
shows the general sequence of the sedimentary series. No 
Lower Cambrian, Upper Carboniferous, or Triassic rocks occur 
in the region. The oldest unaltered stratified rocks are of 
Middle Cambrian age. The base of the sedimentary series is a 
fine, dense quartzite of a pale pink or flesh color, which is some- 
times a conglomerate at the base, the pebbles being of clear or 
slightly turbid quartz. Sco/tthus borings were observed in this 
bed, but no fossils were found. Overlying this the lowest and 
oldest of the unaltered sedimentary rocks is a series of shales 


of greenish or reddish colors, of which no good exposures were 


found. 
TABLE I. 
Cretaceous, - - Sandstones and shales. 
Jurassic, - - Limestones. 


Limestones; massive, very heavily bedded, 
white rocks. 

Limestones, laminated, ochreous stained, 
forming reddish exposures. 


Carboniferous, 


Devonian ? Limestones ; thinly bedded, gray. 


Sijurian ? { Limestones; dark gray and black, fetid, 

} mottled beds. 

Alternating micaceous shales, impure sand- 
glauconitic limestone, and lime- 

Cambrian, - stone conglomerate. 

Shales. 

Quartzite. 


stones, 


Algonkian or Archzan, Crystalline schists, gneiss and quartzite 


Fine sections of the limestones are to be seen in almost all 
of the canyons cut by the mountain streams. The canyon of 
Peoples Creek, along the channel of which the road from St. 
Paul’s Mission to Landusky has been built, shows especially 
good exposures of these rocks. The beds dip at 10° down 
stream and are cut in a narrow gorge. The Cambrian rocks are 
not well exposed, but have been eroded into a little park or 
valley between the higher porphyry slopes and the limestone 
plateau. 

Near Landusky the Paleozoic limestones, though prominent 


features of the landscape, do not present good sections, but the 
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Cambrian shales are well exposed above the town, and the dark 
gray, shaly, Jurassic limestones form the foot slopes near the 
settlement. 

Cambrian.—A half mile above Landusky the west bank of 
Mill Creek shows exposures of 75 to 100 feet of quartzite resting 
upon the main porphyry mass, which has been intruded between 
the Cambrian quartzite and the Archean nucleus of the hills. 
Above the quartzite are greenish gray shales of which no good 
exposures were seen, probably 200 feet thick and succeeded by 
sage-green shales carrying poorly consolidated conglomerates 
and lenses of glauconitic limestone two inches thick and of 
varying size. The shale is evidently somewhat calcareous and 
micaceous, and shows fucoid rolls. The exposure is but 150 
feet long, and the shaly series is overlain by thinly bedded 


limestones. The following section was made at the locality : 


No Feet 

6 25 Thinly bedded and fissile limestones. Pure limestones 
with shell remains, alternating with impure, sandy, and 
more or less conglomeratic beds, the general color 
being gray. 

5 40 Limestone conglomerates and gray shales; greenish 
sandy layers alternating with purer argillaceous beds. 
A few thin beds of limestone occur from which a few 
fossils were taken. 

} 50 Green shale beds, carrying limestones and conglomerates. 

3 30 Green or copperas-colored shales. 

2 300? Interval in which the beds are not exposed. 

I 75 Quartzite, changing to conglomerate near the base; gen- 


erally flesh colored; mostly brecciated and rusty. 


These rocks dip at an angle of 40° toward the town, the 
strike being N. 60° W. The conglomerates of this section are 
clearly formed of beach shingle, as the pebbles are all flat. 
The rocks are very loosely cemented and easily disintegrable, 
which accounts for the rarity of exposures of these beds through- 
out the mountains. The impure sandstones interbedded with 
the shales consist of rounded quartz grains with a green coating 
or shell of glauconite. 

The fossils from the limestones forming part of No. 5 of this 
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section have been examined by Professor C. D. Walcott, who 
has identified the following species : 

Ptychoparia Owen Hall. 

Obolella nana Meek and Hayden. 

Both are Middle Cambrian forms. 
Above the Cambrian series there are 





Siluro-Devonian rocks. 
dark-colored, slate-gray and black, fetid limestones possessing 
the general characteristics of the Silurian and Devonian series 
as developed in the Rocky Mountain region to the westward. 
These rocks, however, have not yet been found to contain fos- 
sils, and the assumption of their Silurian age is based upon 
their lithological character and their position between the Cam- 
brian rocks and those of Carboniferous age. The Devonian 
was not recognized, but in its occurrence westward in the Rocky 
Mountain province, it is recognizable with difficulty, and the 
lithological chara¢gter of the rocks found here indicates that 
careful search may reveal characteristic fossils of this age. 

Carbontferous.—The Carboniferous rocks are well developed and 
form a series of somewhat thinly bedded limestones at the base, 
several hundred feet in thickness, which are capped by massive, 
heavy bedded, structureless limestones which appear to be char- 
acteristic of the upper part of the Carboniferous throughout the 
northern Rocky Mountain region. These are the limestones 
whose upturned beds form the encircling girdle of the moun- 
tains, and in which the picturesque canyons of the streams are 
cut. Characteristic Carboniferous fossils were observed at a 
number of exposures. Professor E. S. Dana collected a few 
fossils from these beds in the canyon east of Rock Creek, 
identified by Professor Whitfield’ as follows : 

Glauconome sp.? 

Productus sp. 

Chonetes sp., resembles C.; granulifera Owen, also C.; sub- 
umbona M, and W. 

Chonetes sp. 

‘Reconnaissance from Carroll, Mont., to Yellowstone National Park, by Cot. 


Wa. LupLow, Washington, 1876, p. 129. 
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Spirifer centronata Winch. ‘The general expression of these 
fossils is Lower Carboniferous.” 

Jurassic. —Overlying the massive, structureless limestones 
which form the top of the Carboniferous series and are really 
the most prominent sedimentary rocks of the region, are thinly 
bedded rocks which generally form somewhat gentle slopes at 
the base of the steep limestone cliffs, or bedding slopes. These 
rocks form somewhat detached hillocks of the hogback style, 
the hillocks being fifty feet high and separated from the lime- 
stone slopes by a gentle sag or depression. These beds consist 
of shaly, gray limestones, carrying Jurassic fossils and changing 
gradually into impure, marly shales and argillaceous limestones, 
carrying a fauna of marked Jurassic types. The total thickness 
is about 100 feet. Good exposures of these beds are found near 
the town of Landusky, where the road descends from the heights 
along the slope of Indian Butte. The following fossils collected 
from these beds have been examined by Mr. T. W. Stanton, who 
reports the presence of the following species : 

Ammonites; fragments of an undecided species. 

Belemnites densus M. and H. 

Pleuromya subcompressa Meek. 

Astarte Meeki Stanton (ms). 

Modiola subimbricata Meek. 

Gryphea calceola, var. nebrascensis M. and H. 

‘This is evidently from the Jurassic horizon that is so well rep- 
resented in the Yellowstone Park and adjacent parts of Montana.” 

Cretaceous. The Jurassic rocks are capped by a bed of buff- 
colored, massive sandstone which weathers red and is six feet in 
thickness, the rock merging into a variety that breaks down so 
readily, forming a sandy soil, that no outcrops are seen; its 
thickness is about twenty feet. This sandstone is capped in turn 
by a thickness of gray, arenaceous shales. These last beds are 
in turn capped by sandy shales for at least 300 feet, above 
which there is a sandstone bed of five to ten feet in thickness, 
which when exposed forms a long wooded ridge separating the 


depressions eroded in the soft shales. This sandstone lies at 
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the base of a series of leaden blue shales, which vary in their 
character and do not appear to be the “gumbo” shale character- 
istic of the Pierre beds, so common in the plains country south 
of the mountain. These shales carry a few fossils and are over- 
lain by other shales carrying sandstone concretions, from which 
numerous fossils were obtained and which were kindly identified 
by Mr. Stanton. 

Gontobasts sublevis M. and H. 

Corbicula cytheriformis M. and H. 

Ostrea sp. 

This shale series is in turn capped by white, porcellanous 
beds, in which there are abundant impressions of fish scales. 

f This rock weathers into a sherdy, porcelain-like débris, whose 


light color attracts attention whenever the rocks are exposed. 


IGNEOUS ROCKS. 


Distribution.—\|gneous rocks cover a considerable part of the 
Little Rocky Mountain region, forming the central area and 
occurring in several marginal buttes, the distribution being shown 
on the accompanying geological map (Fig. 2, p. 403). The rocks 
are porphyries, belonging to the granite-syenite series, and are of 
highly alkaline types passing into the phonolites, one rock 
belonging to the latter family occurring near Landusky, 

Occurrence.—The porphyry occurring in the central area of 
the mountains belongs to a single large body, intruded con- 
formably in the arch of the uplift between the crystalline schists 
and the Cambrian limestones, the soft shales of the latter forma- 
tion affording an easy horizon of fracture and intrusion. This is 
shown in the diagrammatic cross section of the mountains (Fig. 
2, p. 403) in which the porphyry is represented as a single intru- 
sive mass, thickened on the summit of the low flat arch and 
thinner at the edges. This seems to be the actual occurrence 
in the mountains, though the precise thickness between the 
limestones and crystalline schists was not measured. This makes 
the intrusion laccolithic in character. 


The cross section shows a thinning of the laccolith to the 
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east, as actually observed north of Shellrock Butte, with a 
thickening.of the mass beyond. While the observed facts seem 
to indicate a fairly uniform contact plane between the schists 
and the base of the porphyry, the upper surface is not so regu- 
lar, as is shown by the occasional occurrence of areas of lime- 
stones as blocks of warped strata at elevations considerably 
below the highest porphyry peaks. The porphyry intrusions of 
the marginal summits, such as Crown Butte, Indian Butte, and 
similar elevations, appear to be small laccolithic bodies of the 
porphyry breaking through the massive limestones, as is the 
case at Indian Butte, where the igneous rock occurs in contact 
with the black shale of the Cretaceous. 

If the soft nature of the shales was the determining factor 
for the intrusion of the porphyry at this horizon, then the part- 
ing of the beds by the intrusion would be between quartzite and 2 
shale ; this is, however, not always the case, for the quartzite at . 
the base of the Palzozoic series is sometimes found beneath the 
porphyry, between this rock and the crystalline schists, and 
sometimes above it, and beneath the soft Cambrian shales. 

No dikes or ordinary intrusive sheets were observed in the 
mountains, nor are there any extrusive rocks either here or in 
the immediate vicinity. 

The gulches which cut the porphyry areas are very deep, 
with steep slopes heavily timbered with pole pine from three to 
twenty feet high, and the creek bottoms can only be traversed 
with difficulty. The porphyry is some three or four hundred 
feet thick upon the principal summits and rests upon black mica 
schists, into which the streams have cut their gorges, the walls 
on either side showing typical Archzan exposures capped by great 
débris slopes of porphyry. The character of the rock formation 
is readily indicated by the vegetation, as the porphyry exposures 
and débris slopes are everywhere covered by young pines or, 
more rarely, form smooth grassy slopes, while the limestone and 
schist areas are covered by the big-leafed pine, which forms open 
groves and show occasional rough outcrops of the country rock. 
The ridge extending southward from the main divide to the 
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Alabama mine shows a porphyry, varying slightly from that of 
the main ridge. Its most noticeable character, however, consists 
in the prominent white crystals with which it is dotted. The 
rock shows smooth, slickensided surfaces, and in general crush- 
ing and rock movement. 

The contact between the porphyry and the Archzan schists 
was observed on the high ridge east of Antoine Butte. Here 
there is an exposure of schists some 200 yardsacross, which shows 
on the crest of the ridge. The porphyry immediately overlying 
the schists is somewhat decomposed, and the contact is marked 
by five feet or so of green clays. The contact has a dip to the 
south of about 30 

arting.—The parting varies in different parts of the mass. 
At the west base of Mission Butte the porphyry has a platy 
parting or lamination near the contact with the limestones, and 
the rock is dense and resists weathering so well that the contact 
is marked by a wall rising above the adjacent slope of shale and 
porphyry. At Mission and Granite buttes the rock is a granite 
porphyry, breaking into massive blocks—the normal jointing of 
a granular rock. Throughout the mountains generally, however, 
the porphyry upon weathering breaks into rather small angular 
fragments, usually but a few inches across, and forms broad 
slopes of débris covering the mountain sides. 

Vent.—The rock body is in the diagram shown extending 
downward at the side of the arch, but it seems evident that the 
injection did not take place through the entire circumference of 
the ring. It becomes, therefore, a matter of interest to locate, 
if possible, the vent by which the rocks reached the horizon in 
which they were intruded. The uniform granularity of the rocks 
observed shows that there is no large stock or core which may 
be supposed to represent the source of supply. In fact all the 
indications show that the intrusion is analogous in form to a lac- 
colithic sheet. 

South of Mission Butte the slopes back of the Goldbug mine 
show outcrops of breccias formed of fragments of porphyry with 
large blocks of quartzite, the latter rock resembling that forming 
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the basal bed of the Cambrian series. This breccia occurs in 
rough, craggy masses on the slope immediately above the mine. 
The crest of the ridge above the mine is formed of a breccia 
composed of pieces of porphyry in which no quartzite was 
noticed. At this locality the crest of a lateral ridge north of 
the mineralized belt is formed of a fairly dense porphyry, which 
is somewhat brecciated, is mineralized, and generally of a light 


Intoine tutte Granite tute 








== = 
j é f 
FiG. 3.—a Crystalline Schists; ¢ Granite Porphyry; « Cambrian; d@ 
Siluro-Devonian; ¢ Carboniferous; / Mesozoic. 


purple or reddish color, the rock carrying about $2.50 in free 
gold per ton. West of the Goldbug mine the same brecciated 
porphyry occurs, with the quartzite above it dipping west, and 


the Cambrian limestones, conglomerates, and shales which 





occur at this place are somewhat baked and indurated. It is 
believed that the breccias near this Goldbug property mark the 
point of eruption of the porphyry magma. This is strengthened 
by the baking of the sedimentary rocks in contact with this 
breccia on the west. 

Contact metamorphism.—Throughout the Little Rocky Moun- 
tains there is but little contact phenomena to be noticed in the 
sedimentary rocks about the porphyry intrusions. The only 
place where this action was noticeable is in the vicinity of the 
Goldbug mine, where the induration and consequent different 
fracture and weathering of the sedimentary rocks adjacent to the 
porphyry mass is quite marked, although it is here but a few 
vards in extent. Elsewhere throughout the mountains no con- 
tact metamorphism of any consequence was observed, not even 
where the intrusive rocks have come in contact with the Creta- 
ceous shales or the massive Carboniferous limestones, as they do 
in Crown Butte and in the eminence west of Mission Butte. 


Petrography.—The main mass of the mountains, including the 
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central peak, Antoine Butte, is composed of granite-porphyry, 
normally of a gray color and distinguished by large phenocrysts 
of orthoclase. The rock usually falls apart on weathering into 
rather small angular blocks, rarely plates which are sometimes a 
foot in diameter but more often much less, the débris forming 
extensive slides and talus slopes. A specimen from the main 
crest near Antoine Butte, typical of the vicinity, is a granite- 
syenite-porphyry. Seen in the hand specimen the rock is compact 
and dense, of pale lavender-gray color, and shows abundant 
equidimensional phenocrysts of opaque white feldspar of 1 to 3™" 
across, thickly scattered throughout the rock. Large crystals of 
pale flesh-colored glassy orthoclase from 10 to 15™™ in length 
are less abundant, but form the most prominent constituent. 
The rock is strippled with blackish specks that are probably a 
decomposed ferro-magnesian mineral. The rock weathers with 
rusty or reddish-brown stained surface, on which the large ortho- 
clase phenocrysts are very conspicuous. 

The section discloses under the microscope an abundance of 
large phenocrysts of feldspar lying in an extremely fine-grained 
groundmass composed of quartz and feldspar. Some iron ore is 
present, dotting the section in very fine, numerous grains. No 
ferro-magnesian mineral is seen, but very rare small pseudo- 
morphs of muscovite mixed with iron ore show that formerly an 
extremely small amount of biotite in little tablets was present. 

The feldspar phenocrysts are composed of orthoclase and oli- 
goclase. The orthoclase is present in large crystals of the usual 
type showing the faces m(110, 6(010), and c(o10), and in habit 
is stout columnar along the @ axis. It is twinned at times 
according to the Carlsbad law and is then thick tabular on 6(010). 
A section perpendicular to the obtuse bisectrix gave an extinc- 
tion angle of about 8° from the cleavage parallel to c(oo1). The 
crystals of orthoclase are often grouped. 

The plagioclase is present in stout tabular crystals, which are 
usually not so large as those of the orthoclase. There is also 
less of it in amount. That it is oligoclase is shown by the fact 
that numerous sections oriented in the zone perpendicular to 
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6(010) according to Michel Levy’s method, and which show 
both albite and Carlsbad twinning extinguish nearly parallel to 
the plane of the nicols, the angles for all lamella varying but a 
degree or two. The difference in illumination in the Carlsbad 
halves for such sections is consequently very small. The total 
amount of phenocrysts in proportion to groundmass is large. 
Che groundmass is exceedingly fine-grained, microcrystalline, 
almost cryptocrystalline in fact; the great difference between the 
large phenocrysts and the fineness of the groundmass being one 
of the striking features of the rock. Examined with high powers 
it is seen to be composed of unstriated feldspar with a subordi- 
nate amount of quartz. The feldspar is turbid, apparently from 
leaves of kaolin. The fineness of grain together with the turbid 
character, and lack of contact lines between fresh feldspar and 
quartz prevents the satisfactory determination of the feldspar by 
Becke’s method or other optical means. We can safely conclude, 
however, from the analysis that plagioclase is not present and 
that it must consist mainly of orthoclase with some addition of 
the albite molecule, since the very small amount of lime must be 
entirely used up in the production of the oligoclase phenocrysts. 
An analysis by Dr. H. N. Stokes of the United States Geological 


Survey furnished the following results : 


SiO, . . 68.65 
AL,Os . 18.31 
Fe, de .50 
FeQ) .08 
MgO . 12 
CaQ . 1.00 
Na,O : 4.56 
K,0 . 4:74 
Li,O - trace 
rO, 20 
MnQ) trace 
BaO 13 
Sr) - -10 
H,O above 110 83 
H,O below 110 : .27 
FI . trace 
Cl . .03 
NO, - - trace 
PLO; : - trace 

Potal 99.88 


The striking feature of this analysis is the exceedingly small 
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percentage of lime, iron, and magnesia. In spite of the presence 
of the oligoclase the rock clearly belongs in the alkali series ; 
had more iron and magnesia been present we should expect the 
lime would have been partly exhausted by the production of 
augite or hornblende; their absence has forced it into the feld- 
spar. Their absence also explains why with such a comparatively 
high silica per cent. so little quartz is present; it has nearly all 
gone into the production of feldspar, of which the orthoclase 
molecule demands 64.7 per cent., the albite 68.7, while only a 
very small proportion of the anorthite molecule with SiO,= 43.2 
is present. 

If we neglect the minute amount of potash present in the 
muscovite and consider all the alkalies and lime as present in 
the form of feldspar molecules, their molecular proportions 


KO : . . . 503 
Na.O0) 2 P 783 
CaO ° . . . 179 


show that they are in round numbers present as follows: Or,,, 
Ab,., and An,. Since the optical properties of the oligoclase pres- 
ent show it to have approximately the composition Ab, An, and 
since albite has not been observed, it is clear that anorthoclase 
must be present to a considerable extent, in the groundmass. 
The lateral ridge at the head of Alder Creek, southeast of 
Sullivan Butte, is formed of a rock that is slightly different 
from that of the main ridge, and which being free from 
quartz, is classed as a syenite porphyry. This is cut by zones or 
leads of decomposed rock, several of which have been pros- 
pected. Near the Hawkeye mine where the rock has undergone 
secular disintegration, the feldspar phenocrysts have occasionally 
weathered out and form a coarse, sandy débris covering the rock 
outcrops on the summit of the ridge. The rock is compact, 
dark, pinkish gray in color, with abundant white phenocrysts of 
orthoclase which are from 10™ to 20™" across, small pheno- 
crysts of an opaque white feldspar, and small cavities due to the 
decomposition of some ferro-magnesian mineral are common. 
Under the microscope the rock is seen to consist of large 
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feldspar phenocrysts in a feldspathic finely granular groundmass. 
Only occasional ferruginous products represent some former 
ferro-magnesian mineral. The large feldspar phenocrysts are 
chiefly orthoclase, but there is also a plagioclase present whose 
optical properties indicate an acid oligoclase. The groundmass 
in which these lie is composed of unstriated alkali feldspar with 
quartz practically absent. It is micro-granitoid in structure, with 
tendency to a broad trachytoid type like those seen in the 
orthophyres. The rock is considerably altered, the groundmass 
quite turbid from kaolinization, and the feldspars are also 
changed though interior cores are still fresh and limpid. 

Mission Butte is the sharp, somewhat isolated mountain that 





is the most prominent point of the western part of the moun- 
tains. It is composed of granite-porphyry weathering in crags 
that form a sharp summit that is in strong contrast to the smooth 
and purple débris slopes and pine covered flanks of the adjacent 
mountains. The character of this porphyry is somewhat unlike 
the type prevailing in the mountains. It weathers in rough 
crags, and breaks in irregular surfaced blocks, in sharp distinc- 
tion to the fine débris which generally prevails throughout the 
range. At the west base of the butte where the porphyry is in 
contact with the sedimentary series, the contact form of the 
rock resists weathering more effectively than the main body of 
the porphyry, and forms a wall projecting above the general 
surface of the ground. In this outcrop the rock is platy, and 
the lamination is parallel to the contact and to the bedding of 
the limestone. 

The rock, although it differs in weathering and in the appear- 
ance of its craggy outcrops from that forming the main mass of 
the mountains, upon microscopical examination is found to be a 
facies of the same rock. It is a granite-porphyry with somewhat 
open structure and miarolitic cavities; has a generally light 
rusty-gray color, and contains large phenocrysts of glassy ortho- 
clase 10™™ to 15™" in diameter, with abundant and less promi- 
nent square feldspar crystals of somewhat uniform size, which are 


2™" or 3™™" across; occasional corroded quartz grains are also 
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present. The rock is somewhat decomposed, and the cavities 
are filled with rusty material which produces the yellowish tint 
of the rock. 

The micro-section shows large crystals of feldspar as pheno- 
crysts in a fine-grained groundmass of feldspar, with some quartz. 
The rock is dotted with fine particles of iron ore and probably a 
very little biotite was formerly present. The description given 
of the rock from the main crest, p. 413, will apply perfectly to 
this rock except that the orthoclase phenocrysts are at times 
quite large, and on the whole there is less quartz in the fine, 
microcrystalline, granular groundmass. The feldspar phenocrysts 
are very fresh, clear, and unaltered, the groundmass rather turbid. 

On the north slopes of Mission Butte the underlying schists 
are exposed beneath the porphyry, the rocks being dark and 
micaceous. The hilly country lying between Mission Butte and 
the limestone ridge which forms the northern limit of the moun- 
tain mass is devoid of large timber, and the surface appears to 
be covered entirely by porphyry. A specimen obtained on 
Peoples Creek, a short distance above the saw-mill, shows a 
fine-grained rock, breaking readily into large débris blocks 
which cover the mountain slopes. The rock is of a buff color, 
but the dark-colored outcrop is so covered by lichens as to 
closely resemble the quartzites of the Cambrian and deceive the 
observer. The rock is found just above the Indian’s saw-mill, 
where it occurs near the contact with the sedimentary rocks. It 
represents a variety not noticed elsewhere in the mountains. It 
is a compact, dense rock of a decided pinkish buff color, with 
abundant small phenocrysts of feldspar which are sometimes 
tabular, and with occasional grains of quartz 1™" across. The 
rock shows small cavities due to the decomposition of some 
ferro-magnesian mineral, which on the weathered surface form 
small pits that are quite conspicuous. 

This type is quite similar to that forming Antoine Butte and 
the central mass of the mountains, except that the phenocrysts 
are smaller and more thickly crowded. There is also less oligo- 


clase and nearly all of the phenocrysts are of the type of the 
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orthoclase in the preceding rock. Anorthoclase is probably 
largely present. The feldspars have been slightly kaolinized — 
the groundmass, which is similar in character to 920, much more 
so. No ferro-magnesian mineral was observed save an occa- 
sional tiny fiber or shred of xgirine and almost no iron ore; the 
rock consists almost entirely of alkali feldspars and is practically 
a sanidinite-porphyry. It belongs clearly in the alkali series. 

Shellrock Butte is a round-topped eminence, separated by a 
deep saddle from Granite Mountain to the east and an equally 
low divide from the main mountains to the west. The lower 
slopes are formed of metamorphic schists which show consider- 
able variety, including sheared granite, garnet schists, feldspar 
schists, and black mica and hornblende schists. The saddle 
west of this mountain is formed by the head waters of a branch 
of Lodgepole Creek and of Ruby Creek. The schists extend 
upward some two or three hundred feet above the saddle. 
Above this point they are covered by the porphyry débris, which 
hides the contact and obscures the exact relationship of the 
two rocks. 

Granite Butte is the name applied to the most striking summit 
and highest elevation of the eastern end of the range. Gentle 
northerly slopes are in abrupt contrast with a bold craggy sum- 
mit, abrupt cliffs, and steep rock débris slopes on the south. It 
is probably the highest point of the mountains, and consists of 
a granite-porphyry which is somewhat different in appearance 
from the rock prevailing generally throughout the range. The 
rock is open in structure and weathers in great blocks that lie 
piled one upon another like rude masonry. 

The rock is a granite-diorite-porphyry. \t is a somewhat com- 
pact rock of a light-gray color, characterized by large crystals 
of glassy orthoclase which are sometimes 20™" across, and small 
phenocrysts of opaque white feldspar. Round grains of glassy 
gray quartz are abundant, and vary in size up to 5™". The 
rock also carries stout prisms of chloritized augite, which on the 


weathered surface have left cavities giving the rock a pitted 


appearance that is quite noticeable. 
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In thin section it is seen to be very much the same rock as 
that forming the central part of the mountains. Large feldspar 
phenocrysts with fewer ones of quartz in a very fine, quartzose, 
feldspar groundmass. Only an occasional patch of opacite gives 
clue to a former ferro-magnesian mineral now resorbed, perhaps 
biotite. 

The large feldspar phenocrysts are mostly of oligoclase or 
oligoclase-albite, as determined by the method of Michel Levy; 
they show both albite and Carlsbad twins and are present in thick 
tabular habits. Orthoclase, though not so prominent, is also 
largely present. A little sphene was noted. These minerals lie 
in a fine granular groundmass of micro-granitoid structure, com- 
posed of non-striated alkali feldspar and quartz. A few occasional 
granules of albite were noted in it. 

Phonolite—A rock presenting a marked difference in character 
from those so far described was obtained from the borders of the 
porphyry mass, north of Landusky. The rock is the variety of 
phonolite called “nguaite and is found beneath the basal quartzite 
of the Cambrian, between it and the main mass of porphyry seen 
on Mill Creek above the town. The rock is a dense, dark-green 
porphyry, and at the time it was collected was supposed to be a 
contact form of the main porphyry mass. The same rock was 
found near the contact between the intruded porphyry mass of 
Indian Butte and the overlying limestones. A similar rock was 
found near the Spotted Horse mine in the Judith Mountains, 
where it also occurred at the contact between the porphyry mass 
and the altered sedimentary rocks. While definite observations 
were not made to ascertain if this rock occurs as a dike, yet the 
fact that it is found in these different localities, and in each case 
is supposed to be a contact form, seems to negative the idea that 
it is a dike rock. If, however, this rock does occur as a contact 
form of the main porphyry mass it is a most interesting occur- 
rence and tends to show a marked differentiation of the main mass 
toward the cooler periphery. The rock is quite fissile, splitting 
readily into irregularly surfaced plates, this being due to a par- 
allel arrangement of the tabular feldspar crystals. 
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It is an aphanitic, very tough, dense and compact rock of a 
very dark greenish stone color, having a resinous appearance on 
fresh fracture. Numerous white feldsar phenocrysts, which attain 
a maximum size of 10™", occur scattered through the dark 
groundmass, with rarer small crystals of zgirine-augite in stout 
black prisms. Prismatic crystals 3 to 4™" in length of a light- 
brown translucent mineral occur in the rock, but their nature 
has not been determined for lack of sufficient material. 

Occasional small patches of a brown, metallic-lustered mineral 
are also present, which is shown by its color, by its magnetic 
properties, and a reaction for sulphur, to be pyrrhotite. The 
occurrence of this mineral in an extremely fresh and unaltered 





igneous rock is quite in accord with the rapidly accumulating 
evidence which different observers are furnishing in regard to 
the occurrence of metallic sulphides in basic rocks. 

In thin section the rock shows large phenocrysts of alkali 
feldspar and smaller ones of augite in a fine groundmass, of alkali 
feldspars, egirite, and nephelite. The large phenocrysts of feld- 
spar are fresh and of sanidine-like character. They are devel- 
oped very thin tabular on é (010) and are usually twinned according 
to the Carlsbad law. An endeavor to obtain definite data 
concerning the optical properties of these feldspars was not suc- 
cessful. The augites are stout columnar crystals of zgirine- 
augite with mantles of zgirine. They do not show any noticeable 
dispersion of the optic axes. Rarely some rather large crystals 
of zircon occur. 

The groundmass in which these phenocrysts lie is composed 
of irregular, lath-like, unstriated feldspars arranged in a pro- 
nounced trachytoid structure which shows at times a fluidal 
arrangement. Sometimes the feldspars are in short rectangular 
forms. They show the patchy, flamed appearance so character- 
istic of anorthoclase, where the composition varies from place to 
place between the molecules Ab and Or. No albite twinning is, 
however, present, but the majority are singly twinned according 
to the Carlsbad law. Scattered freely through this trachytic 


groundmass are great quantities of rather short, stout microlites 
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of zgirite, while between the irregular lath-like feldspars occa- 
sional nephelite is seen as a cementing product. The rock powder 
treated with acid is found to gelatinize readily, thus confirming 
the presence of the nephelite; the solution in HNO, reacts 
with silver nitrate for chlorine, but gives no reaction with barium 
chlorides for sulphates, and it is probable that a small amount of 
sodalite is present but no hauyn or nosean. 

The rock is very fresh, an occasional slight kaolinization of 
the feldspar being the only alteration product seen. From the 
association with «wgirine and nephelite and from the absence of 
any plagioclase, it is clear that the rock is composed chiefly of 
anorthoclase with accessory xgirite and nephelite. It thus stands 
closely related to the Sdlvsbergite of Brégger* and is an inter- 
mediate type between that rock and the nephelite rich tinguaites. 

The buttes rising above the mountain slopes near the borders 
of the uplift are laccolithic bodies of porphyry, whose rocks 
present slight differences of character from those of the main 
intrusive mass. The limestone hills at the extreme eastern end 
of the range and Siprary Anne Butte near Landusky may repre- 
sent similar laccolithic bodies, in which erosion has not as yet 
uncovered the eruptive rock. 

Crown Butte is the crag-topped mountain which rises abruptly 
some 600 feet above the town of Landusky. It is composed at 
the base of massive Carboniferous limestone, which forms an 
incurved mass between this butte and that near the Goldbug 
mine. 

The laccolithic mass of porphyry forming Crown Butte consists 
of a granite porphyry almost identical with that forming the 
main mass of the mountains. Seen in the specimen it is a some- 
what altered porphyry, showing considerable staining due to 
oxidation. The rock is generally of a bluish pink color, showing 
a stony groundmass of a pronounced lavender tint through which 
are scattered numerous flesh-colored phenocrysts of orthoclase, 
with minute crystals of altered micaceous material and occasional 
glassy grains of quartz. 


* Grorudit-Tinguait Serie, p. 67, Christiania, 1894. 
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The rock is seen in thin section to be almost exactly like 
that of the main crest, except that it contains occasional pheno- 
crysts of quartz and the groundmass is of finer grain. It isa 
typical granite-porphyry with numerous phenocrysts of orthoclase 
and oligoclase, with occasional partly corroded, resorbed quartzes 
all of rather large size in an alkali feldspar, quartzose groundmass. 
This groundmass is excessively fine in grain, almost crypto- 
crystalline, and the contrast between the size of the phenocrysts 
and the fineness of the groundmass is even more striking than in 
that of the main crest. 

Indian Butte, west of Landusky, across whose slopes the 
wagon road has been built, is an extensive body of syentte-porphyry 
breaking through the sedimentary rocks somewhat irregularly. 
The porphyry is a compact, rather dense rock of a pinkish gray 
tint, showing numerous small phenocrysts of white feldspar and 
occasional large crystals of glassy sanidine which are some 10 to 
12™" across. The rock is stippled with abundant small black 
crystals of hornblende, which vary greatly in size and give the 
rock a general appearance quite different from that prevailing 
throughout the mountains. No quartz is noticed in the hand 
specimen. 

The thin section under the microscope shows large pheno- 
crysts of orthoclase and smaller ones of oligoclase, with well 
crystallized prisms of green hornblende imbedded in an extremely 
fine-granular groundmass of alkali, unstriated feldspar. Apatite, 
titanite, and iron ore are also present. The oligoclase is often 
zonally built with layers ranging from acid andesine to oligoclase, 
this being shown in the optical characters where Carlsbad twins 
occur. The groundmass is peppered through with excessively 
minute shreds of a brownish mineral of strong double refraction, 
which is held to be biotite. The proportion of phenocrysts to 
groundmass is rather large. The hornblende increases in the 
depth of its green coloring toward the periphery. 

Lookout Butte lies a few miles from Landusky, its porphyry 
slopes interrupting the white encircling wall of limestone that 
terminates the mountain slopes on the south. This butte was 
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ascended by Professor Dana in 1875, who noted its character and 
height and briefly described* the porphyry, the specimens 
obtained by him being identical with those obtained last summer, 
as shown by comparison of the hand specimens. 

The rock is a syenite-porphyry of very pale-brown, nearly 
white color. Ina groundmass which can be seen by the eye to 
be very finely granular, there are numerous phenocrysts of 
orthoclase from one-quarter to one-half inch long, bounded by 
the usual faces m (110), 6 (010), ¢ (001), and often y (201); 
they are equidimensional in habit. No ferro-magnesian minerals 
are seen, but on weathered surfaces the rock has a rusty color 
due to the oxidation of a small amount of iron ore. 

In thin section the rock appears wholly made up of feldspars 
with a little interstitial quartz. An occasional opacite-like patch 
shows the existence of a former sparsely scattered iron-bearing 
mineral which from the shape of the patches and a consideration 
of the character of the rock seems most likely to have been 
egirite. The large feldspar phenocrysts are unstriated; they 
are quite fresh, sharply bounded, and present several points of 
interest mentioned beyond. From a consideration of the large 
amount of albite in the rock it is probable that they are soda- 
rich orthoclases. 

The groundmass of the rock in which the phenocrysts 
mentioned above are imbedded consists of equidimensional 
grains of albite, which give short rectangular cuts in the section. 
The average size of these grains is about one to one-half milli- 
meter in diameter. They show the albite twinning extensively 
developed and usually in very fine lamelle; the lamellz often 
are interrupted and die out in wedge-shaped strips and then 
commence again; they appear remarkably like the albites which 
occur in the Litchfield eleolite-syenite from Maine, and which 
have been described by Bayley,’ only that they are not bent or 
broken. Very rarely the pericline twinning is seen and some- 

‘Op. cit. This is the same rock collected and described"}Jby Dana, 1875 (Ludlow 
report), pp. 128, near top, 129 bottom, and 130 top. 


? Bull. Geol. Soc. Am., Vol. III, pp. 231 to 252, 1892. 
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times the Carlsbad. The determination of this feldspar as albite 
is based upon the facts that in sections in the zone perpendicular 
to 6 (010) chosen according to Michel Lévy’s method, the 
maximum extinction angle is 16°. One such section gave for 
one albite twin 16°, for the other 15°, the Carlsbad half, dis- 
tinguished by the shape of the section, the arrangement of the 
lamella and a very slight but perceptible difference in double 
refraction in the position of equal illumination, gave extinction 
angles so nearly similar that the two are practically alike. In 
convergent light the section shows the exit of a negative 
bisectrix, but owing to the fineness of the lamella the hyperbolas 
are broken and the image does not permit one to say whether 
the bisectrix is centered or not. The presence of the quartz and 
the clearness of its contacts with the albite permit of the use of 
Becke’s method. Both in the parallel and crossed positions the 
quartz is always found to be the more strongly doubly refracting. 
All of these determinations point clearly to albite and a quanti- 
tative determination of CaO in the rock showed a mere trace of 
it to be present. The spaces between the albites are filled with 
quartz, which is at times in solid irregular areas; at other times 
in little grains; sometimes in micropoikilitic intergrowths with 
an alkali feldspar. There are also irregular masses of this feld- 
spar present, but they are rare. 

The whole character ot this rock shows that it is of an alkali 
type and one in which soda predominates; it bears the same 
relation to ordinary syenite-porphyry that the Litchfieldite type 
of eleolite-syenite does to ordinary varieties. This character 
of the rock impresses itself sharply on the large phenocrysts 
mentioned above. While with low magnifying powers they show 
an even unstriated appearance, when examined with high ones it 
is seen that they are composed of a mingling of two kinds of feld- 
spar substances. They then present between crossed nicols on 
a gray background an excessively fine spotting of a material 
which has a somewhat higher double refraction, polarizing in 
higher tones of white. They recall sheets of iron which have 


been coated with zinc, or the frosting on a window pane, with a 
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varied, flamed, or clouded aspect. They are probably similar 
in some respects to the moiré feldspars described by Broégger. 
The mingling is of too fine a nature and the particles too minute 
for the two varieties to be separated and distinguished by optical 
or chemical means. These fine particles, which are believed to 
be of albite formed by a secondary breaking up of the soda 
orthoclase or anorthoclase molecule—are in general oriented 
similarly with the main feldspar, but not always; in the main, 
however, the section extinguishes similarly over the whole field. 
Frequently, also, the phenocryst has a fine outer mantle or skin 
of the same substance. Scattered through the feldspar pheno- 
cryst thus composed, are great quantities of slender laths of 
albite. They peg the large phenocryst through in every direc- 
tion and present no regularity of orientation with it, or with one 
another. They are twinned according to both the Carlsbad and 
albite laws; often the lath is twinned in halves and as the Carls- 
bad halves have a nearly simultaneous extinction with the albite 
twins it is difficult in this case to determine which method is 
present. That the laths are of albite is shown by optical tests 
mentioned above, where both twinnings are present, and is to be 
inferred from the chemical test made for lime. In a few cases 
the phenocrysts contained these inclusions as short, broad sec- 
tions oriented in zonal planes. It is believed that these included 
albites are not secondary, but are of the same age as those in the 
groundmass, and that their presence shows that the phenocrysts 
containing them are also of the same age. Thus the phenocrysts 
spreading outward in their growth would include the albite 
microlites already formed, but which had not yet developed the 
stout, thick form, which at present characterizes them in the 
groundmass. 

Summary of petrography.—The study which has been made 
upon these rocks of the Little Rocky Mountains shows them to 
belong in the alkali granite-syenite series. The magma which 
formed them has cooled and crystallized under conditions which 
gave rise to the granite-porphyry rather than the granular type 
of structure. On the whole it has been very free from lime, iron, 
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and magnesia, as shown by the infrequency or absence of min- 
erals containing these elements and by the alkaline nature of the 
feldspars. There has been, however, a certain amount of differ- 
entiation or variation in its character and the resultant rocks 
grade from true granite-porphyries through quartz syenite-por- 
phyries into syenite-porphyry. In one case, through local 
increase in lime, they pass into a granite-diorite-porphyry. While 
the alkaline magma in general is high in silica, a local differen- 
tiation, has produced a form rich in alkalies but low in silica, as 
shown by the tinguaite. 

The results then show that petrologically the magmas of the 
Little Rockies conform to the general type of the detached 
mountain groups of central Montana in that they are of alkaline, 
highly differentiated character;* they appear to differ in one 
respect from the general characteristic of this petrographical 
province in that soda dominates the potash, though but slightly. 
The occurence of tinguaite adds another locality to the few 
already known American occurrences of phonolitic rocks. Such 
rocks have been described from the Black Hills of South Dakota,’ 
from Arkansas,3 from the Trans Pecos district, Texas,‘ from 
Cripple Creek, Colo.,5 and from the Bearpaw Mountains of Mon- 
tana,° and specimens have also been received from the Sweet 
Grass Hills of Montana. Closely related types also occur in the 
Crazy Mountains of Montana.’ 

Ore deposits—The ore deposits of the Little Rocky Moun- 
tains are of considerable scientific interest, since they represent 
a type that has thus far been noted at very few localities in this 

‘Highwood Mts. Bull. Geol. Soc. America, Vol. VI, p. 389. 1895. Phonolitic 
Rocks from Montana, Am. Jour. Sci., Vol. L, 1895. Igneous Rocks of Sweet Grass 
Hills, Montana, Am. Jour. Sci., Vol. L, 1895. 

? Pirsson, Am. Jour. Sci., Vol., XLVII, p. 341, 1894. 

3J. F. Williams, Ig. Rocks Arkansas, pp. 99, 146, 264, 277, 351, 367. 1890. 

4Osann, Geol. Surv. Texas, Ann. Rep., 1892, p. 130. 

5 Cross, Proc. Colorado Sci. Soc. 1887, p. 167. Pikes Peak Folio, Geol. Atlas, 
U. S. Geol. Surv. 1894. 

Am. Jour. Sci., Vol. L, p. 394. 


Wolff and Tarr, Bull. Mus. Comp. Zool., Cambridge, Vol, XVI, 1893, p. 230. 
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country—a type that is well known because it prevails at the 
famous Cripple Creek district of Colorado. While the deposits 
are as yet but little developed, they promise to be actively 
exploited when the mineral lands which are now within the 
limits of the Fort Belknap Indian reservation shall be declared 
open to location. The gold ores are tellurides associated with 
fluorite, and occur in the altered porphyry. This character of 
ore, and its association with phonolitic rocks, is of such interest, 
that it seems appropriate to record here the association of tel- 
luride ores with phonolitic rocks which observation shows to 
prevail not only at the Cripple Creek region but in the Black 
Hills of Dakota and in the Judith Mountains of Montana. 

The mineralized zone, which extends to the vicinity of Indian 
Peak in a northeast direction across to the north slope of Granite 
Mountain, is probably about 2000 feet or more in width. Within 
this area the rock is generally bleached and rotted, white, rusty or 
pink in color, and cut by veins in which the rock is seamed by 
quartz stringers and quartz films, and with cavities filled with 
rusty ore. The pitch of the ore body is steep, some 80° perhaps, 
and the rock is generally broken by fracture into some angular 
bits or blocks a foot or so long. 

The ores carry gold and occasionally silver. They consist 
of brecciated or shattered country rock impregnated, coated, and 
replaced by quartz, often associated with fluorite and carrying 
small amounts of telluride, pyrite, and possibly other minerals. 
The ores do not occur in well defined fissure veins with definite 
mineral walls. The gold occurs both as a telluride and as free 
gold. In the altered ore forming the surface of the ore depos- 
its and the “float” of the mineral belt, the gold can be seen to 
be free, but in many cases the gold can only be seen after 
roasting the ore. A characteristic ore of the district consists of 
an intimate mixture of quartz and fluorite, whose brilliant purple 
color makes it readily recognizable. 

Superficial alteration of the deposits has caused the oxida- 
tion, hydration and leaching of the ore, which consists of a 
granular, friable, vesicular quartz more or less incoherent and 
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stained a rusty color by iron. In most of the ore free gold is 
seen in small spongy masses of a dark coppery color. 

The slight amount of development work as yet carried on 
makes any conjecture as to the mode of occurrence of the ore 
bodies quite hypothetical. The total absence of dikes, and the 
fact that no contact deposits have been found, points to the 
origin of the deposits as due to the alteration of shattered zones 
of the porphyry itself. That there has been some movement 
and fracturing of the porphyry since its consolidation is proven 
by the slickensided surfaces seen near the Alabama mine. The 
presence of fluorite may have some connection with the telluride 
ores which are the source of the gold. In the mines of the 
Judith Mountains the richest ores occur associated with fluorite, 
and the source of the free gold seems to have been the tel- 
luride minerals. This association of fluorite with gold has been 
noted by various observers at Cripple Creek and in Boulder 
county, Colorado.' 

The Goldbug mine is the only property which shows any con- 
siderable amount of development. It is owned by G. L. Man- 
ning and the heirs of Pike Landusky. It was bonded some years 
ago to the owners of the famous Granite Mountain mine, but 
was relinquished and is now bonded by another syndicate, who 
are having the ore body prospected, under the superintendence 
of M. H. Jacobs, formerly of Hailey, Idaho, whose many cour- 
tesies are here gratefully acknowledged. The Goldbug claims 
are located upon the breccia and shattered porphyry, whose 
crushed condition permitted the ready passage of mineralizing 
waters acting upon the feldspathic and basic constituents of the 
rock, replacing them and filling the seams with quartzose mate- 
rial which is gold bearing. 

WALTER HARVEY WEED. 
Louis V. Pirsson. 
WASHINGTON AND NEW HAVEN, 


April 1896. 


*Mining Geology of the Cripple Creek District, Colorado, by R. A. F. PENROSE, 
, 16th Annual Report of the Director of the U. S. G. S., Vol Il, Washington, 1896. 
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SCHISTOSITY 


SomE years since I published a paper on the finite, homoge- 
neous strain, flow and rupture of rocks‘ which contained with 
other matter a new theory of slaty cleavage and the allied less 
regular schistose cleavage. Colleagues have lately informed me 
that this paper is too mathematical for their convenience, and | 
therefore propose to discuss schistosity and cleavage without 
mathematics. The result cannot be wholly satisfactory in the 
nature of the case; nevertheless this presentation will suffice 
for those who care little about the matter and will make my 
former discussion easier to those who are more interested. No 
part of that discussion is really difficult, but the chain of rea- 
soning is unavoidably long and therefore trying to the patience. 
The general idea to be developed is that the deformation of a 
solid, homogeneous, viscous, isotropic, not infinitely brittle mass 
will develop structure in it, on not less than one surface nor on 
more than four surfaces simultaneously. These structure sur- 
faces will in general stand at acute angles to the direction of 
the pressure to which they are due and the flattening of the 
strain ellipsoids will not be normal to the pressure except in a 
limiting case. The assumptions needful to prove these proposi- 
tions are almost axiomatic, viz., stresses and strains are of the 
same order of magnitude ; a solid mass opposes deformation by 
forces which are divisible into those independent of the time 
rate of straining and those which are dependent on this rate. 

* Geological Soc. of Amer., Vol. IV., 1893, pp. 13-90. An earlier paper, the 
structure of a portion of the Sierra Nevada of California, appeared in the same series, 
Vol. IL., 1891, p. 49, and a later one, the finite elastic stress strain function, was printed 
in the Amer Jour. of Science, Vol. XLVI., 1893, p. 337. A paper on the torsional 
theory of potnts may be found in Trans. Amer. Inst. Mining Engineers, Vol. XXIV., 
1894, p 130. I may mention in the same connection an essay on distributed faults, 
U.S. Geol. Sur., Monograph III., 1882, chap. iv. 
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On the other hand experience must be appealed to in the pres- 
ent state of knowledge to decide whether the surfaces of struc- 
ture will show diminished or increased resistance to splitting. 

This theory differs very radically from the older one accord- 
ing to which cleavage occurs only in heterogeneous masses and 
is normal to the causative force. It is certainly important for 
geologists to decide between the two, for the effect of geolog- 
ical forces is chiefly manifested in structures of the kind under 
discussion. In my Opinion joints, slickensides, faults, systems 
of veins, schists and slates are all closely allied manifestations 
of force and the true theory of one of them must explain them 
all. These structures constitute the alphabet of the dynamic 
record. Upheaval and subsidence will never be elucidated until 
the history of mountain building can be correctly spelled out. 

The term “strain” as applied to a solid body signifies a 
change in shape or size such as would result from the action of 
external forces.'. Acquaintance with two strains only is requisite 
for the purposes of this paper. One of these will be called 
“pure shear” or simply “shear,’’ and the other will be called 
“scission.” 

Pure shear is the simplest conceivable strain. It involves 
only a change of shape, and this change takes place only in two 
dimensions. Nevertheless it presents interesting and important 
properties. Ifa cube of any solid be subjected to a uniformly 
distributed load, acting normally as a pressure on two opposite 
faces, and is at the same time affected by an equal load acting 
as a normal tension on two opposite faces at right angles to the 
first pair, as shown in Fig. 1, it will be elongated in one direc- 
tion and contracted in the other. Such a distribution of forces 
will not alter the volume; there will be no change of length or 
direction in lines perpendicular to the plane of the forces; and 
lines originally parallel to either pair of forces will remain 


* Stress is force measured per unit area; or in the case of “bodily” forces such 
as gravity per unit volume. In the mechanics of elastic bodies stresses are either the 
external forces which cause strain, or the equal and opposite elastic resistances which 


the external forces excite in the strained mass. 
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parallel to them however great the distortion may be. If hori- : 
zontal edges of the unit cube are extended in the ratio a so 
that these edges in the strained mass have a length a, then the 


vertical edges are contracted in the ratio za. It is usual to 


define the quantity a za as the “amount” of shear. If the 


























Fic. 1 —Pure Shear. 


unstrained cube contained a sphere, this in the strained mass 
would become an ellipsoid with axes a, I, 7a." 

Since a is greater than unity, and za less, there must be 
radii of the ellipse in the plane of forces which are of unit 
length, and which are therefore of the same length after strain 
as they were before. Since the lines perpendicular to the plane 
of forces are also of unchanged length, it is evident that the 
circular sections of the ellipsoid pass through the radii of 
unchanged length in the ellipse. These circular sections of the 
strain ellipsoid are of as much importance in the theory ot 
deformation as are the corresponding sections of the ellipsoid 
of elasticity in the theory so familiar to most geologists of the 
effect of crystals on polarized light. 

All planes parallel to the central circular sections are also 
circular sections. In the plane of any such section there is no 
distortion when the strain is a simple shear. Any two such 


*If the equation of the sphere is x*-+-y?-++-2*=1, and if x,, y,; and 2, are 


the values which the same points have after strain, x,—a x,y, =ya@ and 2, =z. 


Substituting in the equation of the sphere evidently x, 2a ?+ a® y? + 2* = 1, repre- 
sents the sphere after deformation. The volume of this ellipsoid is ra, 1. z@= 


which is also the volume of the sphere. 
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planes are also at the same distance apart after strain as before, 
for otherwise the volume of the mass must have undergone 
alteration which would be inconsistent with the definition of pure 
shear. Since these planes have the same shape, dimensions and 
distance apart after strain as before it, there is but one change 
which they can possibly have undergone, viz., a gliding move- 
ment past one another. One may regard the entire ellipsoid as 
intersected by planes parallel to the circular sections and very 
close together. Consequently also the process involved in a 
shear consists solely in the sliding past one another of the thin 
plates bounded by such sections." A convenient model illustrat- 
ing the nature of shear is a bit of wire netting. If a piece of 
such netting is pulled diagonally to the mesh, each of the two 
systems of interwoven wires is distorted much like the traces of 
the corresponding system of circular sections in the shear ellipse. 

The circular sections must necessarily be planes on which 
the forces are purely tangential; for if the forces had any nor- 
mal component whatever distortion would ensue. Now it is easy 
to show that in any shear, however great, the load (or the force 
per unit area multipled by the area) is exactly the same for 
every central section passing through the mean axis.? In gen- 
eral this load is inclined, so that it has both a component perpen- 
dicular to the given section and also a second component tan- 
gential to it. On the two axial sections of the ellipsoid, (7. ¢., 
the central sections perpendicular to the greatest and least axes) 
these loads are exactly normal to the surfaces. On the two cir- 
cular sections the loads are exactly tangential. Since the total 
load is the same in all cases, the tangential load is evidently a 
maximum when the load is wholly tangential or when the section 
considered is the circular section. 

It is possible to make geological applications of the theory 
of pure shear stated above provided that the reader will take for 

‘During the actual process of straining from a sphere to a given shear, even those 


material planes which are undisturbed at the end of the process undergo distortions, 


but these deformations are equal and opposite. 


his was first shown, I believe, in the paper already referred to, p. 37. I have 
given a neater proof in Amer. Jour. of Sci., Vol. XLVL, 1893, p. 339. 
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granted two or three propositions which have been proved else- 


where. It isa fact that a simple uniform pressure acting upon 
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Fic. 2.—Shear illustrated by deformation of a circle drawn on wire netting. | 

| 

a cube normally to two opposite faces is resoluble into forces ) 
| 

which tend to produce’ a cubical compression and two equal pure | 
| 

| 
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‘Exactly one-third of the total pressure is employed in producing each of these 


three elementary strains whether they are of finite or of infinitesimal amount. 
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shears at right angles to one another. The cubical compression 
does not tend to produce rupture or distortion, and each of the 
shears acts independently of the other. Hence in considering 
the effects of direct pressure upon rock, each shear must be con- 
sidered by itself, and the effects combined. Were the resolution 
of forces not what it is, the consideration of pure shear would be 
almost valueless for geological purposes, because the combina- 
tion of two exactly equal loads of opposite signs at exactly 90 
unaccompanied by other forces must occur in nature only once 
in an infinite number of times. 

If a cube of homogeneous matter is subjected to pure shear- 
ing strain it will be deformed gradually until its elastic limit is 
reached. With most solids analogous to rocks this amount of 
deformation is very small indeed, so that the shortening of the 
cube at this limit would not exceed one per cent. and might fall 
much short of it. For the purposes of this paper the distortion 
within the elastic limit can be neglected. Just above the elastic 
limit the mass will begin to undergo permanent deformation. So 
far as is known every substance whatever is capable of permanent 
deformation. Were this not true the exceptions to the statement 
would be perfectly elastic bodies. 

The nature of permanent deformation in a pure shear is infer- 
able from what has been stated in preceding paragraphs. It con- 
sists in the motion past one another of circular sections of the 
strain ellipsoid and the motion is such that although the continu- 
ity of the mass is not destroyed, relief from pressure does not 
restore the molecules to their original positions. This irreversi- 
ble movement of particles along the circular planes of the shear 
ellipsoid is the simplest case of what Tresca called the flow of 
solids. It differs fundamentally from the flow of liquids, which 
takes place under corresponding circumstances in a direction 
perpendicular to the line of force, instead of at an angle some- 
what exceeding 45° as is the case with solids. In ordinary solids 
under pure shearing stress flow begins at almost exactly 45° to the 
pressure; as the strain increases this angle increases but it can 
reach go” only when the thickness of the mass is reduced to zero. 
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It is very easy to calculate and illustrate the position of the 
planes of gliding ina pure shear. If the unit cube is reduced by 
a pure shear to a height ; (or elongated at a right angle to this 
direction to a length a) then the tangent of the angle which 
the circular planes make with the greatest axis of the ellipsoid is 
as which it is worth while to note is also the smallest semi-axis 
of the ellipsoid. If @ differs insensibly from unity, the angle in 
question differs insensibly from 45°, and for the values a : 

3 
2, 4, the respective correspondiny angles are to the nearest degree 
37 +27 , 14 

By way of illustration, consider a cube of homogeneous mat- 
ter subjected to pure shear such that its height is ultimately 
reduced to one-half and let the elastic limit be so small that flow 
sets in when deformation is very small. Then the first lines to 
flow will stand at 45° (sensibly) to the direction of greatest 
elongation while at the close of the experiment the last lines to 
flow will stand at 27° to this axis. The material surfaces on 
which flow first took place of course acquire greater and greater 
inclination as the deformation increases, but their position is 
determinable in any state of strain because they connect the 
diagonal corners of the strained cube. 

This case is illustrated in Fig. 3. The broken lines in the 
distorted cube answer to the directions in which flow begins ; the 
dotted lines are those along which flow takes place at the close 
of the operation; the short broken or dotted lines in the square 
representing the undistorted cube show the original positions of 
the two sets of lines before strain. For strains intermediate 
between the initial and final states the lines of flow are also inter- 
mediate in position. . 

For comparison with other strains the two wedges in the 
unstrained cube marked X and+ are of much importance. Each 
of these wedges is bounded upon one side by the line of particles 
which are the first to undergo flow and on the other side by the 


last line of particles which undergo flow. In pure shear R = +r. 
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One may regard the flow surfaces as mathematical planes (like 
the plane of the meridian) which occupy different positions rela- 
tively to the material particles as the mass undergoes increasing 
deformation.’ That set of particles which at any instant coin- 
cides in direction with the flow planes undergoes deformation 


and no other particles are subject to gliding at that instant. The 
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FIG. 3 Flow distribution in pure shear 


flow planes range through successive portions of the material 
cube and in pure shear they range through equal portions of the 
cube on each side of the line of pressure. It will be seen later 
that this is not the case in scission or in any strain into which 
scission enters as a component. In the illustration the range X 
or vin the unstrained solid is 18° and the corresponding surfaces 
in the strained mass make angles of nearly 13 

Che process outlined above must go on in any homogeneous 
solid substance which is not infinitely brittle when subjected to 
pure shear under conditions which preclude rupture; whether 
the mass is of lead or of quartz makes no difference in this 
respec t. 

It seems clear that flow ina solid must in some manner affect 
its resistance to rupture. It is conceivable that a body which 
had been strained beyond its elastic limit should split with more 
difficulty along the lines of flow or approximately at 45° to the 
line of force, than in any other direction. Experiment, however, 
shows that it splits with less difficulty in this direction. The 

‘Whatever the amount of a pure shear may be at any instant, the flow lines are 


parallel to lines passing through the intersections of the undisturbed cube with the 


distorted cube 
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experimental side of the question will be touched upon later. 
Flow must cause molecular rearrangement even in chemically 
stable bodies. One may imagine flow to consist in the rolling 
over of molecules in alternate very thin layers and the effect 
4 being something like the lamellar twinning of feldspars. In 
. such cases it would seem inevitable that the twinning planes 
should be planes of weakness. The energy of the strain is con- 
verted into heat and this heat is developed exclusively along the 
flow surfaces. In chemically unstable bodies this heat will man- 
ifest itself in the production of secondary minerals such as mica, 
and the new minerals will arrange themselves along the lines of 
flow. This action appears to me to constitute dynamo-meta- 
morphism so far as such metamorphism attends direct pressure. 

Taking it for granted that flow surfaces are surfaces of weak- 
ness rather than of increased strength, two distinguishable cases 
may arise in the progress of shear. It may happen (with some 
substances and under some relations between the active forces) 
that, although the direction of greatest tangential load passes 
away from the direction of initial flow, the diminished tangential 
load will still produce more motion on the weakened surfaces 
than in the unweakened but more heavily loaded surfaces. In 
such cases rupture will ensue at nearly 45°, the distortion will 
be insensible and the substance is a ‘brittle’? one; or in other 
words, the difference between the elastic limit and the ultimate 
strength is exceedingly small. In the opposite case flow will 
cease on the initial planes and commence anew on the planes 
where the tangential load has risen toa maximum. Experi- 
mentally no absolutely brittle substances are known. There is 
always so far as known a range of pressure (usually a small one) 
within which flow occurs along successive surfaces so that con- 
siderable deformation without rupture can be affected. 

If distortion by pure shear is carried very far without true 
rupture, the mass will be more or less cleavable in a number of 
directions separable into two systems. All the cleavages of 
either system will lie within a few degrees of one another. The 
consequence will be a somewhat confused foliation. It will be 
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possible to break out masses with very acute rhombic cross-sec- 
tions which in the case illustrated in Fig. 3 would have angles of 
13°, but such rhombs would themselves be cleavable into still 
more acute flakes. I should call such a mass a schist (whether 
crystalline or not), reserving the name s/afe for a more regular 
structure.*. Sir Archibald Geikie distinguishes slate from schists 
calling slates ‘“‘cleaved’’ and schists “ foliated;” he makes 
approximately parallel lenticular and usually wavy layers or folia 
characteristic of the schists.* This definition seems to answer 
to my use of the term and to the explanation given above, but 
many geologists use the terms slate and schist almost inter- 
changeably. In the interest of precision it is most desirable 
that slate and schist should be distinguished and that geologists 


should define the sense in which they employ these terms. 


Passing now to the second strain to be discussed it will be 
well to state how scission is produced. The forces acting on any 
small cubical portion of a strained mass are reducible to three 
forces which are normal to faces of the cube, and a couple. If 
the mass is in equilibrium these forces and this couple are exactly 
balanced by the resistances which the mass itself opposes to 
strain. The normal forces produce changes of volume and pure 
shears such as have been discussed above. The effect of the 
couple is to produce the distortion here called a scission and 
more usually known as a “simple shear”’ or a “shearing motion,” 
but never as pure shear. The origin of scission is thus differ- 
ent from that of pure shear. Because it arises from the action 
of a couple, it is called a rotational strain. Scission is quite as 
important as pure shear. It may be said to be present in practi- 
cally all real strains because the absence of scission characterizes 
only a limiting case which is only approximately realizable even 
with refined apparatus. Scission is not a strain which by itself 


*There seems no logic in the constant employment of the term “ crystalline” 


schists unless these are to be distinguished from other schists not crystalline. 
2 Text-book of Geol., 1893, p- 103. 
} The pole about which the couple tends to produce rotation does not in general 


coincide with the direction of the maximum, minimum or mean normal stresses. One 
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is common in nature.‘ When this strain is pushed to the point 
of rupture it leads to a solitary fault. It is nearly the strain pro- 
duced when a mass is being cut with shears, and it can be illus- 
trated with a pack of cards. Scission is that strain in which the 
distance of any particle from two rectangular planes of reference 
is unchanged, while its distance from a third plane perpendicular 
to the two others is simply proportional to its distance from one 
of those others. Thus if 2, y, z are the initial codrdinates, 


x,, ¥,, 2, the final codérdinates of a point, and 6a constant, = 


4.,V, =I» 2 = 4, 6 represents a scission. This is illustrated in 
Fig. 4, where 6 = fan6. This strain is not attended by a change 
of volume. 

Instead of discussing the nature of rotational strains in general, 
I shall simply show how to trace a feature of scission which is in 
fact the effect of rotation. In scission, as in pure shear, the 
deformation is effected by the gliding of planes answering to the 
circular sections of the strain ellipsoid; but the range of these 
two sets of planes through the mass subjected to strain is not the 
same on each side of the line of pressure. In pure shear the two 
angles R and ¢ are equal. In scission this is not the case; on 
the contrary r becomes zero and & gains what ¢ has lost. When 
the mass has a low limit of elasticity the initial lines of flow will 


may either define the couple by the three angles which its pole makes with the princi- 
pal normal stresses or one may resolve it into three couples with poles coincident with 
the principal stresses. 

The forces at a point are thus defined by six independent quantities, and thes- 
correspond to six independent resistances which are similar in character to the extere 
nal forces but not in general similarly oriented. The work done against elastic resist- 
ance during a small strain is a homogeneous quadratic function of these six quantities. 
Such a function contains thirty-six coefficients which reduce to twenty-one by identities. 
These are the “twenty-one elastic coefficients” of eolotropic matter which are very 
famous. They have even been celebrated in verse! If the elastic forces between two 
molecules are reducible to asingle force acting between their centers of mass (a theory 
incorrectly ascribed to Boscovitch) the twenty-one coefficients reduce to fifteen; but 
this theory is not borne out in general by experiment though some substances, such as 
glass, closely fulfil its conditions. 

Amorphous substances have two elastic constants and regular minerals have only 
three, but triclinic crystals boast the full number of twenty-one. 

* Purely tangential force would expand itself close to the surface to which it was 


applied. Slickensides may be regarded as due to approximately pure scission. 
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be at sensibly go” to one another and in scission as illustrated in 
Fig. 4 one of these directions will be horizontal, the other verti- 
cal. When the strain has become great the circular sections of 
the strain ellipsoid will no longer be at right angles. The angle 
between them is determinable in terms of the axes of the stress 


ellipse and (just as in pure shear) it is twice the angle whose 


RP _ 





Fic. 4 Fiow distribution in scission. 


tangent is the least axis of the ellipsoid. Now since lines paral- 
lel to the axis of « undergo no change of length, one of the sets 
of circular sections must coincide with this direction throughout 
the strain so that the angle y vanishes. Hence also it one com- 
pares a scission with a pure shear in which the ultimate ellipsoids 
are equal or in which the amounts of distortion are the same, the 
range of the second set of planes of circular section is just twice 
as great in scission as it is in pure shear. In dealing with real 
solids (which always possess viscosity), and finite strains, this 
difference between pure shear and scission is of great importance ; 
but as scission alone is probably even rarer in nature than pure 
shear, it will be best to defer comment on this subject until the 
almost universal combination of pure shear and scission has been 
discussed. 

An inclined force* acting on a supported cube would produce 
among its effects a pure shear anda scission in one plane.’ It is 

*The precise direction of a force which would produce a given shear and a given 
scission is too complex a subject for this paper. 


When the mass is homogeneous and symmetrically placed with reference to the 
forces, the other strains produced would be a second pure shear at right angles to the 


first and a dilatation. The two pure shears would act independently of one another. 
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sufficient here to consider as an example a shear and a scission 
giving equal distortions and simultaneously affecting the same 
cube. It is very easy to compute all the elements of this strain 
when for example each strain by itself is such as to increase by 
one-half the length of the elongated axis. The result is as fol- 


lows: The length of the major axis would be almost exactly 2; 








—————SSSSss 


Fic. 5.—Flow distribution when shear and scission of equal amounts are combined. 


and it would stand at anangle of —13° toox. The angle between 
the final circular sections would be 53°. One of them would 
stand at 13%4° to ox and the other at—39%°. The range of 
the lines of flow referred to the unstrained solid would be r = 3 
a. a oa” OD 

In this case one set of planes of maximum tangential load 
ranges through ten times as great an angle as does the opposite 
set. To estimate the effects of this difference it is indispensable 
to consider the influence of viscosity. This subject has its diffi- 
culties, but there is nothing to prevent any attentive reader from 
acquiring the elementary acquaintance with it needful for the 
present purposes. 

The resistances which a mass offers to distortion can be 
divided into two classes. One of these is independent of the 
time-rate at which the strain is produced and the other class is 


not independent of this rate. If both classes are considered it 
If one of the shears is of ratio a and the other of ratio 8 the combination of the two 
I on , 
would yield an ellipsoid with axes a, 8 and 8. The B shear, though independent 
i a 


of the a shear would modify the final angle of the lines of flow due to the a shear by 


changing the vertical dimensions. 
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is manifest that all possible resistances are included. The inde- 
pendent class are the elastic resistances. The resistances which 
depend on the rate of straining are the viscous resistances. 
Examples of viscous resistance are seen in the rapid subsidence 
of vibration inatuning fork. If steel were an ideal elastic solid, 
a fork in a vacuum would vibrate forever. If rubber were ideally 
elastic, a band supporting a weight and stretched so as to make 
the weight dance up and down would continue to stretch and 
contract indefinitely, while in reality the action ceases in two or 
three seconds. If a weight is suspended on a wire for a second, 
the wire may be practically unimpaired by the strain, when the 
same weight left for a minute would seriously elongate the wire. 
Flow in such a wire is a process which demands time ; and there- 
fore it involves viscosity. Such illustrations show that viscos- 
ity is not a merely recondite property of matter which can be 
relegated to theoretical physicists and neglected by geologists. 
It is absolutely certain that it must play as important a part in 
geological deformation as the elastic forces. During an instant 
of time elastic and viscous resistance are indistinguishable and 
they codperate with one another to resist deformation. When 
one considers a very long period of time instead of a very short 
one, viscous resistance almost disappears and it vanishes utterly 
when the time is infinite. It is easy to see that this must be 
true; for the intensity of resistances which continue to exist 
after an infinite time is independent of time. Hence, if any mass 
is strained for a short time its resistance is the sum of its elastic 
and viscous resistances. If it is strained for a long time, on the 
other hand, only the elastic resistances will oppose deformation. 
Again, if a body is strained for a brief period in one direction 
and for a long period in another, it will act as if it were strong 
in the former direction and relatively weak in the latter. 

In scission the sheets of the mass parallel to the fixed sup- 
port are constantly impelled to glide over one another by the 
maximum tangential load and if the forces act for a long time 
the flow in this direction is opposed only by the elastic resist- 
ance. In the other set of planes of maximum tangential load in 
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a scission this load is at each instant applied to a new set of par- 
ticles, which offer not only elastic resistance but viscous resist- 
ance as well; they are practically and actually stronger for this 
coéperation. Now suppose that the load has just reached the 
limit at which flow can take place in the horizontal planes; then 
this load must necessarily be insufficient to produce flow on the 
inclined planes. Hence. if flow produces structure at all, such 
a mass will show structure in one direction and in one direction 
only. 

In the case of combined scission and shear illustrated in 
Fig. 5, the same principles apply. The fibers forming the 
wedge r are subjected to maximum tangential strain ten times as 
long as are the corresponding fibers in the wedge R. Hence 
those in the larger wedge offer greater effective resistance to flow 
than those in the smaller wedge and the pressure might be so 
adjusted as to render the mass cleavable only in the direction of r. 
The difference between RX and r exists whenever scission forms 
an element in the strain or whenever there is a couple acting at 
the point considered. 

At first sight this result seems almost too sweeping. It might 
seem to imply that double structure should be very rare which it 
certainly is not. This small difficulty is readily explained; for 
in any substance with a moderately large difference between the 
elastic limit and the ultimate strength, shear and scission may 
be so combined that flow without rupture will take place on both 
sets of planes though faster on one set than on the other. The 
very rare instances are those in which the two structures are 
equally well developed indicating pure shear.’ 

In my opinion then true slate, cleavable in directions so 
nearly parallel that no considerable divergence appears, is due to 

* The limits of this paper preclude the explanation of a variety of structures 
arising from minor modifications of dynamic conditions. Flow on one set of planes 
may be accompanied by sharp joints on the conjugate surfaces. Such are the master 
joints in slate. When the force is rapidly applied, or when the mass is very brittle or 


when the lateral support is insufficient, two sets of joints (each with its own spacing) 
may result. One such set of joints may be suppressed by the action of viscosity. 


When deformation in two planes at right angles to one another is considered, two 
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rotational strains in which scission forms a component. These 
strains are due to external pressures, always inclined to the nor- 
mal to the plane of cleavage, and the reason why only one set 
of cleavages makes its appearance in slate is that viscous resist- 


ance in the conceivable second set has prevented flow. 


It appears to me possible to avoid this conclusion only by 
denying either that rocks undergo solid flow or that flow produces 
cleavage. No geologist will think of denying that rocks flow. 
The evidences of it are too numerous to be worth mentioning. 
The mechanical conditions are also well understood. Solid flow 
without rupture will hardly take place unless there is some lateral 
obstruction to deformation as well as external pressure. The 
effect of the lateral confinement is to convert part of the pressure 
into more cubical compression ; consequently the forces produc- 
ing shears and scissions rise very slowly with increase of external 
pressure. Under such conditions the deforming stresses may 
for a long time be kept close to the elastic limit and an infinite 
amount of flow may be produced in any substance not ideally 
brittle. The conditions appropriate to flow must be more preva- 
lent at great depths then at small ones, but they cannot be 
confined to great depths. 

That flow really produces cleavage seems to me demonstrated 
by experiments on solids such as iron. There is evidence that 
red-hot bar iron or steel is a true solid, and it is known that 
manufactured bar iron is fibrous and cleavable. This is especially 
well brought out in experiments on iron plates with high explo- 
sives. Even if hot iron were no true solid, the way in which 
conjugate systems of cleavages or joints may appear in each, and any one of these 
four systems may be suppressed by the action of viscosity. One of the shears may 
fail to act on account of lateral resistance, thus a rock may show 4, 3, 2 or I sets of 
structures due to the same force. 

The spacing of fissures is an interesting topic very important in mining districts. 
My theory is that fissures will so form as to afford the greatest relief by pressure per 
square foot of rupture. This leads to a definite distribution of faults in homogeneously 


strained rock. 
Tension will not produce joints or cleavages. The theory of the distribution of 


tension cracks is the explanation of columnar structure. 
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rail heads are rendered schistose near railway stations by the 
arrest of moving trains would show the action. In drawing wire 
similar phenomena appear and in both cases the direction of 
cleavage is that of flow. Experiments on semi-solids such as 
pastry and clay are less satisfactory inasmuch as the presence 
of fluids must disturb the purity of the results, yet in so far as 
their behavior differs from the known behavior of true fluids, 
they are instructive. Such experiments when carefully scruti- 
nized yield results compatible with the theory of this paper. 

That flow with attendant weakening of cohesion is the origin 
of slaty cleavage appears to have been recognized by the first 
investigator to offer a mechanical explanation of this structure. 
John Phillips in 1843 ascribed cleavage to a ‘creeping movement 
among the particles of the rock, the effect of which was to roll 
them forward.” Mr. Daubrée says that schistose or laminated 
structure is a direct consequence of gliding (glissement), a term 
which he explains by the remark that the different velocities 
acquired by contiguous molecules make them glide past one 
another. Actual cases are on record in which evidences of 
diminished cohesion (without rupture) make their appearance in 
rocks in directions parallel to faulted joints. Professor Judd has 
described such,? and they clearly show that flow takes place asa 
preliminary to jointing and in the less strained portions of jointed 
rocks. 

The deformation of crystals on “gliding planes’’ which is 
usually accompanied by secondary twinning is a case of flow in 
eolotropic masses. The gliding planes also become after relative 
movement planes of easy cleavage, not in general identical in 
direction with the inherent cleavage planes of undeformed 
crystals. The gliding planes in the case of calcite seem to have 
been known to Huyghens and they have been studied in a great 
many minerals during the last few decades. Professor Judd has 
produced gliding planes in quartz by means of pressure, and it is 
probable that the cleavage which is produced in quartz by alter- 

‘ Bull. Soc. Géol. de France, Vol. 4, 1876, p. 541. 


? Mineralogical Mag., Vol. 7, 1886, p. 81 
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nate heating and cooling is due to the flow on such planes.’ 
Several mineralogists have also come to the conclusion that the 
twinning of minerals in nature is largely due to the strain they 
have undergone. This idea appears to have been suggested in 
the first instance by Mr. Max Baur in 1878.’ In massive rocks 
the minerals are usually strained as a result of cooling and there 
is much evidence from independent observers? that the polysyn- 
thetic structures of feldspars and pyroxenes in rocks are wholly 
or in part due to these strains. 

In view of the evidence merely outlined above it appears to 
me utterly impossible to deny that solid flow does as a matter of 
fact induce a true cleavage which is parallel to the lines of relative 
tangential motion or gliding, this cleavage not necessarily being 
accompanied by any actual ruptures however microscopic. It 
appears also that this action goes on in thoroughly homogeneous 
substances such as calcite and quartz. These minerals are not 
indeed amorphous, but that fact only modifies the direction in 
which flow will occur most readily, not the principles governing 
flow. The schistosity of deformed quartz, calcite, feldspar and 
rock salt crystals cannot possibly depend on the flattening or 
rotation of included particles. 

The theory of slaty cleavage held by most geologists ascribes 
the structure to the flattening of particles at right angles to the 
line of pressure and the rotation of mica scales towards the same 
position. There are some objections to this view. In the first 
place only the exceptional irrotational strains produce flattening 
at right angles to the line of force so that, even if fissility were 
produced by flattening, it would be a mistake to infer that the 
direction of force was normal to the cleavage. In the second 
place this theory assumes either that the flattened particles resist 
fracture more persistently than the matrix in which they are 

' Jbid., Vol. 8, 1888, p. 1 and Vol. 10, 1892, p. 123. 

Zeitsch. der D. Geol. Ges., Vol. 30, 1878, p. 323. 

O. Mugge, L. van Werweke, Judd, etc. 

4 In all rotational strains the inclination of the greatest axis of the ellipsoid varies 


with the amount of strain. It therefore changes during strain when the direction of 


the force is fixed 
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imbedded, or that the flattened particles themselves are cleava- 
ble parallel to their greatest extension. If one supposes the 
material from which slate is made to be a soft mud containing 
minute sand grains, it seems plausible to assume that in indurated 
slate also the matrix is weaker than the enclosed particles. But in 
the analogous dynamo-metamorphosed conglomerates the matrix 
is often firmer than the pebbles and there is no reason to suppose 
than this characteristic is not shared by the fine-grained masses. 
In such cases no cleavage could result from flattening unless the 
larger grains are cleavable in one direction. This could scarcely 
happen unless they were mainly mica scales and I do not think 
that true cleavage would result even in that case. It does not 
appear to me that any closer approach could be made to slaty 
cleavage by flattening the particles, even in a weak matrix, than 
is presented in natural sandstones; for in these also the mica 
scales and thin particles of quartz are in the great majority of 
cases parallel to the bedding. Now it is true that two beds of 
sandstone often split apart from one another with some readiness 
though the fractured surfaces do not resemble those of slate. 
This, however, is not in point. If one tries to split a portion of 
a single, uniform bed of sandstone, it requires careful observa- 
tion to detect greater facility of cleavage in one direction than 
another. Thus the mere fact of parallel orientation does not 
necessarily lead to slaty cleavage. 

Tyndall’s experiment on wax seems well suited to decide 
between the old and new theories. It is also one suitable for 
performance by students.’ If the flattening theory is correct, 
compressed cakes should split entirely across, and at least as well 
at the center as at the edges. If on the contrary I have cor- 
rectly elucidated the problem there should be a small central 
core to each compressed cake unaffected by cleavage. For my 

‘In my former discussion, p. 81, I have given some notes on the methods of 
procedure in this experiment. ‘Tyndall’s paper is printed in Phil. Mag., Vol. 12, 
1856, p. 37. The horizontal friction between the wax and the rigid surfaces 
pressing upon it, when combined with the direct pressure, gives an_ inclined 


resultant and strains which are rotational excepting along the central vertical line of 


the wax cake. 
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part I never could succeed in getting slaty structure at the cores 


of the fissile mass. 

In the interest of geology and of active geologists it is most 
desirable that a decision as to the origin and nature of slaty 
cleavage should be reached as soon as possible, and I am in hopes 
that this sketch of my theory may at least promote discussion 


of the whole subject. GEORGE F. BECKER. 


U.S. GEOLOGICAL SURVEY, 


Washington, D.C., January 1896. 
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Development of cleavage in heterogeneous rocks. 
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Fissility secondary to cleavage. 

Cleavage and fissility may develop at the same depth. 
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Relations of cleavage and fissility to bedding. 
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Development of cleavage by other causes than thrust. 
Modifications of secondary structures. 
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Relations of cleavage and fissility to stratigraphy. 
DEFINITION OF CLEAVAGE AND FISSILITY. 

THE property of cleavage in rocks is here defined as a 
capacity present in some rocks to break in certain directions 
more easily than in others. By virtue of this property rock 
masses may be split into slabs or into leaves. The term cleav- 
age is taken from a property in minerals, and is here confined 
to a strictly parallel usage. This definition does not agree with 

‘In preparing this section I am greatly indebted to a paper by L. M. HosKINs on 
Flow and Fracture of Rocks as Related to Structure. Without his discussion this sec- 
tion would have been far more imperfect than it is. PROFESSOR HOSKINs’ entire 
paper will appear in connection with my own full paper in the Sixteenth Annual Re- 


port of the U. S. Geol. Survey. 


The part of this paper covered by the contents below this point will appear in 


the following number of the JoURNAL. 
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that ordinarily given in the text-books, but it is believed that 
the restriction is a gain for accurate discussion. The structure 
corresponds to Sorby’s ‘‘ultimate structure”’ cleavage." 

Fissility is here defined as a structure in some rocks by vir- 
tue of which they are already separated into parallel laminz in 
a state of nature. The term fissility thus complements cleav- 
age, and the two are included under cleavage as ordinarily 
defined. Where a rock is finely fissile it may be called foliated. 
Fissility corresponds in part to Sorby’s ‘close joints’’ cleavage.3 

The terms slate and schist, slaty and schistose, slatiness and 
schistosity, are retained with their usual significations. A slate 
may be defined as a rock having the property of cleavage or 
fissility, or both combined, the rock parting into layers with 
relatively smooth surfaces. In slates the mineral particles are 
usually of small size. <A schist is a rock having the property 
of cleavage or fissility, or both combined, the rock parting into 
layers with rough or wavy surfaces. In schists the mineral par- 
ticles are larger than in slates. As is well known, there are all 
gradations between slates and schists. In origin and essential 
characters the two have many properties in common. Schis- 
tosity, however, indicates more severe metamorphism than slati- 
ness. It follows, from the above definitions, that a slate or a 
schist may have the property of cleavage or of fissility or of 
both combined. When both are present they may be parallel 
or intersecting. Both may occur in the same slate or schist in 
more than one direction. 

It is not the aim here to inquire fully as to the man- 
ner of development of cleavage and fissility. Starting with 
the results reached by Phillips,? Sharpe,? Sorby,‘ Tyn- 

*On Some Facts Connected with Slaty Cleavage, by H. C. Sorsy, Rept. British 
Association for the Advancem't of Sci., 27th meeting, 1857, pp. 92-93 of Transactions. 

Report on Cleavage and Foliation in Rocks, and on Theoretical Explanations of 

these Phenomena, JOHN PHILLIPs, British Association for the Advancement of Science, 


26th meeting, 1856, Proceedings, pp. 369-396. 
On Slaty Cleavage, DANIEL SHARPE, Quar. Jour. Geol. Soc. Lond., 1846, Vol. III, 


pp. 74-105; Vol. V, 1849, pp. 111-129. 
¢+Anniversary Address of the President, HENRY CLIFTON SorsBy, Quar. Jour. 
Geol. Soc. Lend., 1849, Vol. XXXVI, Proceedings, pp. 68-92. 
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dall,t Heim,? Daubrée,3 Harker,* Becker,5 and others, it is the 
purpose to inquire into the attitudes of cleavage and fissility, 
the causal difference between the two, and the relations which 
these structures have to others. The investigators mentioned 
have shown that cleavage and fissility are usually closely con- 
nected with folding, being one of the results of compression. 
It has been held (pp. 195-213) that there are great differences 
in the manner in which masses of rock respond to compression, 
depending upon depth and upon whether they are homogeneous 
or heterogeneous. 

Sorby explains rock-cleavage as mainly caused by the rota- 
tion of mineral particles, and especially mica, so that their longer 
diameters and the cleavage of the mica particles are normal to 
the greatest pressure. The rock readily parts along the greater 
dimensions and cleavage of the mineral particles. The minute 
mica plates were supposed to be fragmental particles deposited 
in the plane of bedding, and to have been rotated by the move- 
ment of the rock to a position normal to the pressure. Sorby 
also showed that the laminar hydrous silicates, such as chlorite, 
develop in situ parallel to the cleavage. He did not think that 
this was true of mica in slates, but believed that the parallel 
mica flakes of mica-schist form in situ during the recrystalliza- 
tion of the rock. 

Sharpe and Tyndall explain cleavage as due to the flatten- 
ing of the mineral particles by pressure, so that they have a 
parallel arrangement with their shortest axes in the direction of 
greatest pressure. This cause and the causes given by Sorby 

* The development of Slaty Cleavage, JoHN TYNDALL, Philosophical Magazine, 
4th Ser., Vol. XII, pp. 35-48, 1856. 

? Mechanismus der Gebirgsbildung, ALBERT HEIM, Band II, 1878, pp. 51-74, mit 
einem Atlas. 

3Géologie Expérimentale, by A. DAUBREE, Vol. I, pp. 391-432, Paris, 1879. 

4On Slaty Cleavage and Allied Rock Structures, with Special Reference to the 
Mechanical Theories of their Origin, ALFRED HARKER, British Association for the 
Advancement of Science, 55th meeting, 1885, Proceedings, pp. 813-852. 

5 Finite Homogeneous Strain, Flow, and Rupture of Rocks, by G. F. BECKER, 
Bull. Geol. Soc. Am., Vol. IV, 1891, pp. 13-90. 
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have ordinarily been regarded exclusive of each other, but it is 
believed that they may be mutually supporting. 

My microscopical study of both cleavable slates and schists 
has convinced me that in the interstices, and by the decomposi- 
tion of the larger particles, new minerals, and especially mica, 
abundantly develop with similar orientation and with their longer 
diameters or cleavage, or both, parallel to the flattened or rotated 
original particles. The innumerable parallel minute flakes of 
cleavable minerals in slate, especially mica and chlorite, which 
are almost universally present, are in no case detrital, so far as 
observed by me, but have developed in situ. Usually it is easy 
to discriminate the large, comparatively sparse, fragmental mica 
plates, if any are present, from those which are autogenic. As 
soon asa new mineral particle has developed it is subjected to 
flattening and rotation precisely as is an original mineral particle. 
This parallel arrangement of minerals developed in situ is prob- 
ably the most important single cause of cleavage. 

Not infrequently unmodified igneous rocks have the property 
oft rift or cleavage more or less perfectly developed. In all 
cases observed by me this capacity is due to the arrangement of 
the mineral particles with their longer diameters in a common 
direction or to their similar crystallographic orientation, or both. 
In the case of cleavable minerals, the particles which are simi- 
larly oriented give the rocks a capacity to part parallel to the 
direction of readiest mineral cleavage, and this tendency is more 
marked if the greater dimensions of the mineral particles accord 
with their cleavage. In some cases, in which there is a rift in 
two directions, this is due either to cleavage in the mineral par- 
ticles in two directions or to cleavage of them in one direction and 
their parallel arrangement with longer axes in the other direction. 
Hornblende is one of the minerals which sometimes produces a 
cleavage by having very numerous crystals with their longer 
diameters in a common direction. Feldspar is one of the min- 
erals which produces cleavage on the same principle as horn- 
blende, but which also in some cases gives a rock-cleavage as a 


result of the cleavage of the mineral particles. 
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From the foregoing it is believed that vock-cleavage ts due to 
the arrangement of the mineral particles with their longer diameters or 
readtest cleavage, or both, in a common direction, and that thts 
arrangement ts caused, first and most important, by parallel develop- 
ment of new minerals; second, by the flattening and parallel rotation o7 
old and new mineral particles; and third, and of least importance, by 
the rotation into approximately parallel positions of random original par- 
ticles. The propriety of the definition of rock-cleavage as first 
given is therefore evident. It is always due to a capacity to 
part, and very frequently the parting does occur by the actual 


cleavage of the mineral particles. 


DEVELOPMENT OF CLEAVAGE IN HOMOGENEOUS ROCKS. 

Becker has recently rediscussed the origin of cleavage, and 
concludes that it always develops in the shearing planes rather 
than in the normal planes. Even in the case of the experimental 
development of a cleavage-structure in wax, which is strictly 
normal to the pressure, the structure is explained as developing 
in the shearing rather than in the normal planes. 

As will be seen below, it is my own conviction that a struc- 
ture develops in the normal planes under certain conditions, and 
that under other conditions structures develop in the shearing 
planes, as advocated by Becker. The first is believed to bea 
deep-seated phenomenon of the zone of flowage; the second is 
believed to be a more superficial phenomenon in the zone of 
fracture. In other words, as already stated, it is thought that 
under the term cleavage two entirely distinct structures of differ- 
ent origins have been confused. Theories which explain or partly 
explain one of these structures have been extended to cover both 
of them, because it was not understood that they are different. 

Rocks when deformed under great weight flow as a plastic 
solid, and under these circumstances, as shown by the geologists 
above cited, the property of cleavage is developed. At all 
times the particles of the rock are welded together.  Fissility 
will not form, for by the supposition the rocks are so deeply 
buried that no crevices can exist. In the formation of flow- 
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age cleavage, or cleavage proper, as the term is here used, the 
thrust may be from one or more than one direction. It may 
vary in force both horizontally and vertically. In any case 
there is flow of the rock-mass in the direction of least resistance. 
If the force be applied so that there is uniform shortening in 
one direction, as in the case of a rigid piston, the elongation is 
at right angles to the direction of thrust, or in the normal planes. 
This may be called pure shortening (Figs. 1 and 2). By pure 
shortening is meant the particular kind of non-rotational distor- 
tion illustrated. The volume remains unchanged, the shortening 
in one direction being compensated by equivalent elongation at 
right angles to this. In this kind of deformation, while there is 
no differential movement or shearing in the normal planes, shear- 
ing does occur along all of the intersecting diagonal planes. It 
makes no difference whether the movement is wholly from one 
end of the mass or in part from both ends. But when the lateral 
force varies greatly at varying depths the deformation may vary 
from pure horizontal shortening to a nearly horizontal differential 
movement combined with shortening (Figs. 5 and 6). Such 
inclined differential movement is dependent both upon the vary- 
ing force of thrust in passing from higher to lower horizons and 
upon increased friction with greater depth, due to gravity, which 
acts as anopposing force. In the case last illustrated the deforma- 
tion isa simple shear." The deformation here called pure short- 
ening is defined by Becker? as a shear, and a shear, as just 
defined, is called by him scission. 

Ordinarily, at any place in the rock-mass the three principal 
compressive stresses are unequal. If the differential stress 
Surpasses the elastic limit of the rock it produces shortening in 
the direction of greatest stress, elongation in the direction of 
least stress, and shortening or elongation in the direction of mean 


* Text-book of the Principles of Physics, by Alfred Daniell, 3d edition, 1894, p- 
78. Macmillan & Co., London and New York. Elementary Text-book of Physics, 
Anthony and Brackett, 4th ed., 1888, pp. 113-114. Treatise on Natural Philosophy, 
rhompson and Tait, new ed., 1890, Part 1, pp. 123, 124. 

Finite Hlomogeneous Strain, Flow, and Rupture of Rocks, by G. F. Becker, Bull. 


Geol. Soc. Am., Vol. IV, 1891, pp. 22-25. 
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stress, depending upon whether the latter is nearer the maximum 
stress or the minimum stress. The phenomena subsequently 
described appear to show that there is more frequently elonga- 
tion than shortening along the direction of mean stress. It 


follows that as a result of flowage there is usually one direction 








Figs. 1 and 2. Showing theoretical change in arrangement and form of particles 


when uniformly shortened by hydrostatic viscous flow. 


of shortening and two of unequal elongation. The plane of the 
minimum and mean stresses is believed to be the plane of cleavage. 

A coherent slate, which has the unmodified property of 
cleavage as here defined, shows but a single marked structure. 
This structure in the dense slates is often nearly normal to the 
direction of the greatest shortening of the strata. In the many 
instances in which cleavage is everywhere nearly parallel to 
intrusive igneous masses, there seems to be no escape from this 
conclusion. In such cases a zone of slate or schist surrounds a 
granite or other mass, the secondary structure varying in direction 
through 360°, thus making a circle about the intrusive core. 
The cleavage is therefore at each point nearly at right angles to 
the greatest pressure. Such zonal cleavage about batholites has 
been described in this country at various localities. The cleav- 
age in the mica-schist adjacent to the granite core of the Black 
Hills is everywhere parallel to the igneous mass. Lawson has 
described like phenomena at many places in the mica-schists of 
Ontario. The secondary structure is everywhere parallel to the 
adjacent igneous masses. Emerson finds that the same relations 


obtain between the secondary structure and the intrusive granites 
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in Massachusetts. Similar phenomena have been described in 
other countries at localities too numerous to mention. In all of 
these cases there can be no doubt that the magmas were under 
hydrostatic conditions and transmitted their pressures at every 
point normal to the rocks with which they were in contact. 
There would therefore seem to be no escape from the conclusion 
that in such cases the secondary structure developed in planes 
normal to the pressure. 

In homogeneous slates having cleavage it is not usually pos- 
sible to follow the particles through their movements to their 
final positions. However, in rocks which are not so nearly homo- 
geneous there are numerous minor plications. Where these pli- 
cations are arranged in a symmetrical fashion, that is, do not 
have one set of limbs longer than the others, they give strong 
evidence that the thrusts were in opposite directions and normal 
to the secondary structure. If the rock were homogeneous the 
crumplings would disappear and the movement of the particles 
would more nearly follow the law of plastic flow. Such defor- 
mation of the particles may be without differential movement 
normal to the pressure, and is illustrated by Figs. 1 and 2 in an 
ideal case. It is not necessary that the particles be of the same 
size or of the same strength. As is known by macroscopical 
study of the schist-conglomerates and by microscopical study 
of ordinary slates and schists, if the movement continues far 
enough the old mineral particles are flattened, or flattened and 
rotated, into parallel positions. New minerals develop with sim- 
ilar orientation. Therefore, as a consequence of the flowage of 
the stratum, the induced arrangement of the particles necessa- 
rily produces a capacity to cleave in the plane of the two longer 
axes of the mineral particles, as in this direction the rock may 
part between them. 

In the case of forces resulting in rotatory movement, the 
structure may be explained as developing in the normal planes 
as in the case of pure shortening. The direction of shortening 
of any small area varies in its relation to the component par- 


ticles at each successive moment. This variation may be due 
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to the work of stress-couples producing simple. shearing, to a 
change in the direction of pressure, or to a rotation of the area 
concerned, or two or all combined. The final result, as shown by 
Professor Hoskins, is to deform a given homogeneous area as 
though it were shortened in but a single direction, and after this 
was rotated (Fig. 3). The cleavage is at right angles to the 


direction of greatest shortening of the area in its final position, 
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Fic. 3.—A portion of a bed ABCD, containing round pebbles, is shearing into 

the form A'B'C'D’'. The cleavage is parallel to X'S’. The result is the same as 

through the material had been flattened by pressure along /Q, and the mass after- 


wards rotated until AS fell in line with A'S’. After Hoskins. 


this structure being due to the capacity to part parallel to the 
greater dimensions of the mineral particles. This resultant posi- 
tion is not normal to the final direction of greatest pressure, 
but at any given moment the deformation occurring is itself 
normal to the pressure. Newly developing minerals also tend 
to form at any moment with their shortest axes in the direction 
of pressure, and are rotated by the simple shearing exactly the 
same as the original minerals. Therefore the shortest axes of 
both new and old minerals are in the same direction. Thus the 
cleavage develops strictly in the normal planes, but its position 
by the rotation of simple shearing is inclined to the final direc- 
tion of pressure.’ 

*It is admitted to be somewhat difficult to understand the precise nature of the 
ultimate interior movements by which pure shortening involving shearing along two sets 
of intersecting diagonal planes produces a structure normal to the greatest pressure. How- 
ever, Professor Hoskins shows that during pure shortening it is only for a moment that 
any given plane is one of maximum tangential stress and pure sliding, and that all planes 
inclined to the greatest pressure are shearing planes (Figs. 1 and 2). If some struct- 


ure should be produced along the shearing planes in the zone of flow, one would not 


expect a structure in a single direction, but structures in an indefinite number of direc- 
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I therefore conclude from analysis, from experiments upon 
viscous and plastic bodies, from observations in the field, and 
from studies with the microscope, that I am justified in the state- 
ment that “he secondary structure of a rock which is deformed by 
plastic flow develops in the plane normal to the greatest pressure, and 
that this structure ts true cleavage. 

We thus see that in both the case of pure shortening and 
the case of shortening combined with rotation the secondary 
structure is parallel to the greatest dimensions of the mineral 
particles. This parallelism may be macroscopically observed 
at very numerous localities in which schist-conglomerates occur. 
Some of the more important of these are the Hastings district 
of Ontario, Green Mountains of Vermont (Fig. 4), Felch Moun- 
tain district of Michigan, many localities in the basal conglom- 
erates of both the Upper Huronian and Lower Huronian in the 
Marquette district of Michigan, the Black Hills of Dakota, and 
the Front Range of Colorado. 

In different localities the degree of flattening of the pebbles 


varies from a small amount to that in which the pebbles are 


tions. In most cases where solid mineral particle or an aggregate of mineral par 
1 s having an individuality is much flattened, we have evidence of the very complicated 
ring along many intersecting planes The deformation, if carried far enough, 
linarily does not produce a single, or even two structures, but complete granulation. 

| sum total of the slidinw along all of the shearing planes is to shorten the diam 
eter of any given area in the rection of greatest pressure and to elongate it at right 
gles to this. During this deformation a given mineral particle may have become a 
multitude of mineral particles However, the multitude in the aggregate differs in 
ymposition and consequently in strength from the adjacent similarly flattened areas. 
Moreover, many of the newly forme ndividual particles have similar forms in like 
positions. Oftentimes the readiest cleavage of many of the particles accords with 


liameters lhe result is that there is an easy parting or cleavage along 


r greater 


the greater dimensions of the flattened areas and the greater dimensions of the newly 


veloped particles Even if the material is absolutely homogeneous so far as we 
can discover, the same principle applies, as shown by Iyndall for wax. Analogous to 
t s the case of stretched or compressed viscous Canada balsam, which takes on a 


structure not in the shearing planes, but parallel to the tension or at right angles to 
the pressure, as shown by polarized light As shown by Professor Hoskins, the case 
simple shearing does not differ from that of pure shortening except in that the mass 
1 whole is rotated (Fig. 3). If the above is true, it is clear that all combinations 
of pure shortening and of simple shearing in the zone of flow result in producing a 


cleavage which develops normal to the greatest pressure. 
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transformed into leaf-like areas. Everywhere and in all grades 
of change the secondary structure accords with the longer diam- 
eters of the flattened pebbles. The some phenomena have been 
observed by me in microscopical studies upon fragmental par- 
ticles in hundreds of sections from the semicrystalline formations 
from many parts of America. 

According to Becker’s explanation of slaty cleavage, there is 





Fig. 4. Schist conglomerate, showing pebbled character when cut transverse to 
the major direction of shortening, and gneissoid character when cut in other direc- 
tions, from Plymouth, Vt., after Hitchcock. 
an important discrepancy between the direction of the structure 
and the greater diameters of the flattened mineral particles." 

If the above observations are correct, it would seem that 
there is no escape from the conclusion that the secondary 
structure which | here describe as cleavage is not developed in 
the manner described by Becker and cannot be explained by his 
theory. I therefore return to the old explanation of the English 
geologists—which perfectly accords with the facts—that this 
secondary structure develops in planes normal to the pressure. 

In further confirmation of this explanation are certain phe- 
nomena described to me by Diller and Keith. 


Diller makes the following statement: 


‘Finite Homogeneous Strain, Flow and Rupture of Rocks, GEORGE F, BECKER, 


Bull. Geol. Soc. Am., Vol. IV, pp. 55-66. 
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At Crystal Lake, on Hough’s Peak, Plumas county, California, is a con- 
glomerate that is immediately associated with slate. Slaty cleavage is well 
developed in the latter, and also in the conglomerate. The greater diameters 
of the flattened pebbles are always in the cleavage planes. The harder peb- 
bles are less elongated than the softer ones, and are frequently fractured, the 
fractures being diagonal to the cleavage. 

The probable explanation of the phenomena is that the cleav- 
age develops in the normal planes and the fractures develop in 
the shearing planes, as explained by Becker. At the same depth 
and pressure the softer parts of the rock were under conditions 
of flow and the hard pebbles under conditions of fracture. 

Keith makes the following statement : 

Near Blowing Rock, N. C., is a mashed porphyritic granite in which por- 
phyritic crystals of feldspar are flattened in various degrees, and their 
greater diameters are upon the average parallel with the secondary structure. 
In many cases the feldspar crystals are fractured in a direction diagonal to 
the cleavage, and in some cases in a single feldspar crystal there are two sets 
of diagonal fractures approximately at right angles to each other and each 
inclined about 45° to the cleavage. 

The phenomena therefore correspond precisely to the idea of 
a pressure normal to the cleavage, which at the same time pro- 
duced fractures in the more rigid feldspar crystals along the 
maximum shearing planes. As in the slate described by Diller, 
the weaker matrix was under conditions of flowage at the same 
depth that the more rigid feldspar crystals were under condi- 
tions of fracture. 

It is a very common phenomenon in slates and schists, both 
macroscopically and microscopically, for the direction of the 
secondary structure to wrap around the harder particles. As a 
hard grain or pebble is approached the cleavage structure in the 
matrix opens out on each side of the grain, envelops it, and 
closes in again beyond it. The structures nowhere intersect, 
although upon opposite sides of a particle near the ends they 
converge, and in passing toward either end they turn and become 
parallel. They would intersect if continued in their original 
direction. While the cleavage of the matrix, where there are 


many harder particles, constantly varies in direction, it nowhere 


intersects. Its average direction is the same as that of other 
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parts of the rock in which resistant particles are absent. 
Because the structure of the cleavage, where hard particles are 
present, simulates a mesh structure, loose observation might lead 
to the conclusion that there are present two intersecting struc- 
tures. The prime characteristic of a true mesh structure is that 
two diagonal structures shall intersect. As shown subsequently 
(p. 465), interesting diagonal fissility may develop in the shear- 
ing planes. 

The deviation of cleavage about hard particles is explained 
by the fact that the more resistant grains act as transmitters 
of forces. At any given point at the exterior of a hard particle 
the direction of greatest pressure is normal to the grain, and 
hence the peripheral arrangement of the cleavage about the grain. 
The principle is precisely the same as that explaining the develop- 
ment of zonal cleavage about intrusive batholites. (See pp. 
455-456.) 

The crucial point in deciding whether there is a structure 


vi 
vw 
vw 


which develops in the normal plane is the simple matter of fact 
as to whether or not the flattening of the original particles cor- 
responds with this structure. In testing this point it is best to take 
examples in which the flattening of the particles is not too great 
(see Fig. 4), else the lessening discrepancy between a possible 
structure called cleavage by Becker,’ developing in the planes of 
“maximum tangential strain,” and that regarded as cleavage by 
me, developing in the normal planes, may be overlooked. As 
already explained, I hold that the facts of the field accord with 
my position. Upon this crucial point of fact I ask the obser- 
vation of geologists, for by the facts of occurrence must be 
judged the adequacy of the explanation offered as to the man- 
ner of action of the forces which produce cleavage. It is 
believed by me, as will be seen, that the theory that cleavage 
is developing at any given moment normal to the pressure fully 
explains all the diverse facts of true cleavage in both homoge- 
neous and heterogeneous rocks. 


Fin te Homogeneous Strain, Flow and Rupture of Rocks, GEoRGE F. BECKER, 
Bull. Geol. Soc. Am., Vol. IV, pp. 55-66. 
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The amount of shortening of the area of a rock-mass neces- 
sary to produce the property of cleavage may not be great in a 
slate, as shown by the amount of distortion of the bedding. In 
proportion as the shortening becomes greater the rock is apt to 
change from a slate to a schist. If the process of shortening 
continues until a schist is produced, it is often difficult or impos- 
sible to estimate the amount of horizontal shortening of the 
strata, but it is certain from observation that it is usually con- 
siderable, perhaps to one-half or one-third of the original. 
This is shown by the plications of layers of a slightly different 
color which are cut by the schistosity. If plicated layers such 
as often occur in schists were straightened out, they wou!d 
require a distance across the schistosity two or three times as 
great as at present. 

It is very rare indeed that any rock is so homogeneous that 


the unmodified law of normal flow perfectly applies as above 


given. Among the sediments argillaceous rocks most nearly 
approach homogeneity. The massive rocks, however, still more 
nearly approach homogeneity. But even these are not strictly 


homogeneous, being composed of mineral particles of different 
sizes and characters. However, these particles in many instances 
are uniformly flattened and readjusted, so that the mass in a 
large way almost perfectly obeys the law. A mashed massive 
rock having cleavage but not fissility is a solid, strong schist, 
and it is in this class of rocks that cleavage in a uniform direc- 
tion as the result of normal plastic flow is best exemplified. 
Rarely rocks show an almost equal capacity to part in any 
direction parallel to fibers. In these cases the microscope 
shows that the mineral particles are very long in the fibrous 
direction, and have about the same average magnitude in all 
directions at right angles to their greatest diameters, instead of 
having two definite directions of mean and minimum diameters 
at right angles to each other, as is ordinarily the case in slaty 
cleavage. As pointed out by Professor Hoskins, this structure is 


explained by the deforming or maximum pressure being equal or 


nearly equal throughout a circle of revolution in all directions 
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perpendicular to the fibrous structure and by less pressure in the 
direction parallel to the fibers. This results in shortening in all 
radial directions and elongation at right angles to this, and thus 
the fibrous structure is formed normal to the plane composed of 
the radial direction of greater pressure. 

It has been seen on a previous page that unmodified igneous 
rocks may have the capacity to cleave, and that the structure is 
similar to a secondary structure in sedimentary rocks. There is 
not so great a difference between the two in this respect as might 
at first be supposed. The arrangement of the mineral particles 
in the igneous rocks is caused by the similar original crystalline 
orientation of the mineral particles produced by unequal stresses 
in three dimensions and by the rotation of flowage. In the sed- 
imentary rock the same is true, but the flatness of the particles 
is due to another cause. The chief difference is, however that 
the lava is a viscous liquid and the crystallized rock a plastic 
solid. The manner in which the parallel minute mineral particles 
which produce cleavage in igneous rocks change their direction 
in passing around a large porphyritic crystal is as similar as 
possible to the way in which laminar mica scales in a slate or 
schist change in direction in passing around a large refractory 
grain. In both cases the material wraps around the rigid par- 
ticles which were sufficiently strong to partially or wholly resist 
deformation. 

The above explanation of cleavage makes this structure also 
analogous to the capacity to part along bedding planes in sedi- 
mentary rocks. As each erosion particle has unequal diameters, 
it comes to rest in most cases with its longer diameters in the 
plane of bedding, thus giving at the outset a laminated structure. 
| This structure may be emphasized by the pressure of gravity. It 

therefore follows that the unaltered sedimentary rock ruptures 
more readily along its bedding plane than elsewhere. That the 
capacity to part parallel to bedding is less marked than parallel 
to the cleavage of slates and schists is due to the fact that the 
ratio of the minor to the mean and major diameters of the min- 


eral particles is not so large and the regularity of the parallel 
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arrangement not so nearly perfect in the original sediment as in 
a slaty or schistose rock. If a maximum deforming force be 
normal to the bedding, as it may be in some cases, the original 
imperfectly parallel arrangement of the mineral particles, with 
their longer axes in the direction of bedding, would be so much 
done toward producing a cleavage, and the result would be to 
give a more highly developed secondary structure parallel to the 
bedding with a given amount of movement than would result 
from the same deformation in a different direction. 

In some instances, as has been seen, observations show that 
the conjoint action of tangential thrust and friction throughout 
considerable masses of rocks was apparently such as to give 
approximately uniform shortening of the strata in one direction. 
The material is confined on all sides, and its deformation is that 
of a plastic solid. The direction of least resistance is toward 
the surface of the earth. The direction of mean resistance is at 
right angles to the minor thrust and parallel to the surface. 
Consequent upon the flow, the mineral particles, new and old, 
at any particular point arrange themselves with their longer axes 
in the plane of these directions. This plane is vertical, or nearly 
so, and almost at right angles to the major thrust. Therefore, 
in approximately homogeneous rocks cleavage is frequently ver- 
tical or highly inclined, and hence intersects the bedding. This 
may be called cross cleavage. 

But supposing the lateral thrust to vary greatly in depth, and 
considering that friction increases with depth, the movement 
may vary, as explained above, from upward plastic flow to differ- 
ential movement in a horizontal direction. In this change we 
have passed from a pure shortening to a simple shearing. If 
the movement was sufficient the cleavage would be nearly paral- 
lel to the bedding, and it may be called parallel cleavage. In the 
case of parallel shear the cleavage would accord in its principle 
of development with that of parallel cleavage in heterogeneous 
rocks, subsequently described (see pp. 472-480). 

These extreme cases rarely occur. Almost invariably there 


is a combination of pure shortening with shearing motion. The 
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combination is ordinarily such as to give steeply inclined cleav- 
age cutting the bedding, and therefore a cross cleavage. There 
are, however, undoubted gradations between cross cleavage and 
parallel cleavage. In all cases in nature the final resultant or 
direction of movement depends upon a union of all the forces 


concerned. 


DEVELOPMENT OF FISSILITY IN HOMOGENEOUS ROCKS. 


If a rock be in such a position and under such conditions that 
it is deformed by regular fracture, it is probable that the second- 
ary structures form in the shearing planes, Just as in the case 
of cleavage, at any place in a rock-mass the three principal stresses 
are usually unequal. In the zone of fracture if the differential 
stress surpasses the ultimate strength of the rock, fracture occurs 
along the two sets of shearing planes which incline toward the 
greatest stresses and are parallel to the minimum stress. The 
planes of maximum shearing stress in the case of normal pres- 
sure are 45° from the greatest pressure and are at right angles to 
each other, but Hoskins shows that the fractures may incline at 
a smaller angle than this to the direction of greatest pressure, 
the latter bisecting the acute angle made by the intersecting 
ruptures. It is only in case the two lesser stresses are equal, 
or nearly so, that concoidal fractures are produced, such as occur 
in ordinary building-stone tests of cubes. In this experiment 
there is one direction of great stress and two directions at right 
angles to this of very subordinate equal stress. 

Hence, in the zone of fracture, where the differential stress 
surpasses the ultimate strength of the rock, there may be pro- 
duced a fissility in two sets of intersecting planes equally inclined 
to the greatest pressure. It is well known that a fissility in two 
directions occurs in many homogeneous rocks, and such structures 
have doubtless developed along the shearing planes under this 
law. 

In case the direction of greatest normal pressure is nearly 
horizontal, the planes of fissility would be at angles of about 
45° with the horizon. However, as no rocks are strictly homo- 
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geneous, and as the direction of greatest normal force is always 
compounded of thrust and gravity, the directions of the fissility 
may vary considerably. 

In case the parting is very close, the rock is foliated. Each 
lamina moves slightly over the adjacent lamine. The rubbing 
of the laminz over one another, due to the differential movement, 
gives the slickensided surfaces which are so common on both 
sides of the parted lamina. The more intense the movement, 
the thinner and more brilliant do the folia become. Since part- 
ings are usually inclined to the bedding, this structure may be 
called cross fissility. 

In passing from the zone of fracture to the zone of flow it is 
to be expected that all gradations would be found between the 
development of cleavage in the normal planes and the develop- 
ment of fissility in the shearing planes. This point is discussed 
later. (See pp. 450-451. ) 

Frequently fissility forms in lithologically homogeneous 
rocks in which the property of cleavage had already been devel- 
oped, and which by subsequent denudation are brought so near 
the surface that the superincumbent weight is less than the 
strength of the rocks. When subjected to stress under these 
circumstances numerous fractures develop along the cleavage 
planes. This occurs because fractures take place so readily along 
these planes, and because the chances are always that these are 
shearing planes, although they may not be those of maximum 
shearing stress. 

rhis may be the case although the direction and force of 
thrust may not have varied. The direction of greatest normal 
pressure, combined of gravity and thrust, would be in a different 
direction when the rocks are in the deep-seated zone of flowage 
and when they are in the superficial zone of fracture. Thus, 
cleavage in the normal planes would pass into the shearing planes 
as denudation progressed. 

In cases in which the fissility develops along a prior cleav- 
age, the fissility parallel to these planes would be marked. The 


fracturing along the other set of diagonal shearing planes, not 
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having the advantage of a previous cleavage, would be much 
less marked, the deformation perhaps largely occurring by con- 
siderable movements along a few planes of shearing. In this 
case the infrequent cracks may properly be called joints. In the 
planes of fissility secondary to cleavage the folia slip over one 
another just as in the case of originally developed fissility inde- 
pendent of cleavage, producing slickensided surfaces, and the 
rock develops a “fault slip” cleavage or “ausweichungs”’ cleav- 
age. In the majority of cases in which the fissile lamine are 
close together and have a uniform direction for a considerable 
area, it is probable that the structure first developed as true 
cleavage in the normal planes, and that a later movement, 
when the rock was nearer the surface, developed the fractures 
along the shearing planes. The structure is thus a product of 
the forces producing cleavage and those producing fissility work- 
ing successively under different conditions 

As will be seen below, fissility may form, in a manner simi- 
lar to its development parallel to cleavage, parallel to planes of 
weakness of any other kind, as, for instance, bedding. 

The directions of the fissility are therefore dependent upon 
the direction of the forces, upon whether they are equal or 
unequal, upon the superincumbent load and the consequent fric- 
tion, upon the cleavage and other previous structures, and upon 
previous folding. 

If fissility develop along cleavage, as this structure is 
usually steeply inclined, the fissility will be in the same direc- 
tion. That great thrust faults sometimes develop with nearly 
horizontal hades, or even parallel to bedding, is well known. 
Multiple minor thrust faults or fault slips producing fissility may 
similarly develop with flat hades, upon the same principles as 
cleavage, in a like direction,and thus produce a fissility nearly 
or quite horizontal, or parallel to bedding. It is therefore clear 
that the structure may vary from a vertical to a horizontal atti- 
tude. There are therefore all gradations between cross fissility 
and parallel fissility, described in the following number (Fig. 


7), just as between cross cleavage and parallel cleavage. In 
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the case of parallel fissility the movement may be compared to 
the differential movements of a ream of paper which under load 











Fic. 6 


Fics. Sand 6.— Theoretical deformation of laminated rock by uniform differential 


movements parallel to a previous structure. 


is pushed unequally forward from one end, the differential move- 


While 
the bottom sheet may be shoved one-tenth of an inch, the top 
Between the 


ment between any two successive sheets being the same. 


sheet may be shoved 10 inches (Figs. 5 and 6). 
bottom and the top the amount of forward movement would 
vary regularly from one-tenth of an inch to 10 inches. While 
the differential movement between any two sheets is the same, 
each sheet gains all the forward movement of all the sheets 
below. 

Where fissility develops, either as an original or secondary 
structure, rubbing usually occurs between the mineral particles 
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along the sides of the laminae. As a result, the minerals receive 
an elongation in the direction of greatest movement, a less elon- 
gation in the direction at right angles to this and in the plane of 
movement, but are shortened at right angles to the plane of 
movement. Also new minerals which develop are controlled in 
the same manner. If the fissility be secondary to cleavage, the 
minerals were previously oriented with their two longer axes 
in the plane of differential movement, and the slipping of fissility 
but emphasizes an arrangement of the mineral particles which 


already existed. 


DEVELOPMENT OF CLEAVAGE AND FISSILITY IN HETEROGENEOUS 
ROCKS. 

When a set of layers, either sedimentary or not, of differ- 
ent lithological character are folded, and cleavage or fissility 
develops in them, the process is not simple. 

As the case of alternating sediments is the most important 
one, and somewhat different from any other, this will be first 
considered. 

The original series, instead of being homogeneous, is com- 
posed of beds of different characters; that is, it consists of 
alternations of mud, grit, sandstone, limestone, etc. Before 
these rocks are folded the forces of consolidation, cementation, 
and metasomatism may have been at work. As a result of these 
prior alterations, combined with original deposition, the strata 
may have greatly varying strength. The sandstones may have 
been transformed to quartzites; the grits may have been changed 
to graywackes ; the muds may have been compacted into shales ; 
and the limestones may have become crystalline. 

When suchaseries is folded the accommodations occur mainly 
along the beds. The greatest readjustments and greatest com- 
pression are along the limbs of the folds (see pp. 207-210, 
and Figs. 2, 3, and 5 of my first article). Each layer shears 
over the one next below under enormous stress. The neces- 
sary movement at first is largely concentrated in the weak 
layers between the beds of stronger material (Fig. 7). The 
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shearing extends from these into the harder ones, for when 
motion has once begun along a certain set of planes, that very 
movement weakens the rocks along these planes and makes it 
easy for the forces applied in any direc- 
tion to be decomposed into forces pro- 
ducing further movement along the same 
planes. 

The maximum force producing shear 
is* composed of horizontal thrust and 
gravity, and its direction will therefore 
usually be inclined to any layer in a 
horizontal position, although if gravity 
is unimportant as compared with thrust 
this inclination may be slight. When 
the layers become tilted this inclination 
is marked, although the problem becomes 
more complicated on account of the 


strength of the individual beds. These 





tend to decompose the forces which they 
receive at one point into components 


Parallel fissility on the parallel and normal to themselves, and 


imbs of the folds an ey 
lim re and transmit the longitudinal thrust to an- 


cross fissility on the anti 


dius enh anntetiin be other point. Upon the limbs of the 


tween the two. After folds the beds are, however, never free 
Heim. from superincumbent weight, and the rig- 
The deformation is : 


ane idity of the overlying beds must also be 
mainly by folding, but on - - 

the anticlines, where the otten overcome. Therefore, in nearly 
material is partly relieved all cases of heterogeneous rocks the 
from stress, the deforma ; : . . 
; direction of greatest normal stress is 
tion is partly by multiple } ‘ es 
einer tealting. inclined to each layer. There are two 
classes of cases—those in which the 
rock bed is in the zone of flowage, and those in which the 
rock bed is in the zone of fracture. The first afford conditions 
for the development of cleavage ; the second, those for the 
development of fissility. Between the two there may be grada- 


tions. 
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DEVELOPMENT OF CLEAVAGE IN HETEROGENEOUS ROCKS. 

For a given very small area in a stratum the cleavage may 
vary from parallel to perpendicular to the bedding. If at any 
moment the direction of greatest normal pressure isin the direc- 
tion of bedding, the secondary structure will tend to develop 
at right angles to the bedding. If, on the other hand, the direction 
of greatest pressure is at right angles to bedding, the cleavage will 
tend todevelop nearly parallel to the bedding. Between these two 
there will beall gradations. For diffefent beds and for different 
areas in the same bed the direction of greatest pressure will, at 
successive times, vary both relatively and absolutely, and there- 
fore the cleavage developing in the normal planes at any given 
moment will gradually vary in direction. For a small, practic- 
ally homogeneous area the final resultant will be the same as in 
homogeneous rocks (p. 457)—that is, the cleavage will be per- 
pendicular to the direction of greatest final shortening. 

Having made this general statement, let us inquire more 
particularly how the forces producing cleavage act in hetero- 
geneous rocks. 

As a result of the folding, combined with denudation, the 
relative amounts of thrust and gravity vary at different times, 
so that the average direction of greatest normal pressure for a 
given area also varies. On account of the differing strength of 
the beds the forces received by them are decomposed to a 
greater or less degree into directions parallel and normal to 
themselves, and thus the direction of greatest pressure is varied 
at each particular point. During the folding process the incli- 
nation of the beds is constantly changing, and as a consequence 
any given small area is being rotated with reference to the 
direction of greatest pressure. The problem is further com- 
plicated by the readjustment between the beds, which constantly 
changes the relative position of the material with reference to 
the pressure. Lastly, the readjustment usuaily takes place 
mainly within the weaker layers, and this changes by a varying 
amount the relative positions ot different parts of the beds with 


reference to the greatest pressure. At any given point there 
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will be a plane in which are the major and mean axes of the 
mineral particles, and this will be the plane of cleavage. It is 
evident that this plane will vary in position from place to place. 
As shown by Professor Hoskins, these conclusions follow from 
the fact that all of the different compressions, acting in different 
directions at different times, are equivalent to some single com- 
pression acting continuously in one direction, and the shearing 
motion of differential movement is equivalent to a compression 
combined with a rotation., 

Very frequently the position of the cleavage with reference 
to the bedding for a given small area will be controlled by the 
readjustment between the beds. The structure will tend at any 
moment to develop in the normal planes, but as a consequence of 
the shearing the material is rotated so that the final direction of 
cleavage is inclined to the direction of greatest pressure (see Fig. 3). 
Since the readjustment is mainly concentrated within the weaker 
layers, the structure may be so rotated in them as to approach 
parallelism with the beds, while in the adjacent stronger beds, in 
which there is less differential movement, the structure may be 
nearly at right angles to the beds ; and at various positions between 
the cleavage will have intermediate directions. There will thus 
be developed a cross cleavage in the more resistant beds, which 
varies by a gentle curve into parallel cleavage in the weaker beds. 
On opposite sides of the layer the curves are in opposite direc- 
tions (Fig. 10). By these curves it is easy to determine the rela- 
tive directions of the movements of the layers. 

Directly following from the above we have the explanation 
of the step cleavage’ of the older authors and of Becker,? and 
of the differential cleavage of Dale. In this case the change in 
the direction of cleavage, instead of being gradual, as it is in 
rocks of gradually varying plasticity, is somewhat sudden in pass- 
ing from one bed to another differing in rigidity. Asa result of 

*On Slaty Cleavage and Allied Rock Structures, with Special Reference to the 
Mechanical Theories of their Origin, ALFRED HARPER, Brit. Assoc. Adv. Sci., 55th 


meeting, 1885, Proceedings, pp. 829-830. 
* Finite Homogeneous Strain, Flow, and Rupture of Rocks, GEORGE F. BECKER, 


Bull. Geol. Soc. Am., Vol. 1V, pp. 84-87. 
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the shearing motion the cleavage is rotated more in the more 
plastic layers and less in the less plastic layers. Hence, én hetero- 
geneous rocks having cleavage, in a soft layer the cleavage more 
nearly accords with bedding than it does in a hard layer. ) 
To summarize: We have the absolute direction of greatest 
pressure varying; as a consequence of the difference in the strength 
of the beds we have the direction of greatest pressure varving from 
place to place ; we have the material of any given area on the limbs 
of folds rotated with reference to the direction of greatest pres- 
sure; and finally, we have variable differential motion between 
the beds, which momentarily changes the direction of the area 
with reference to the pressure. However, Professor Hoskins 
shows that these all combine to produce at any given point a 
shortening of the particles in one direction and an elongation in 
one or both directions at right angles to this. Newly developed 
mineral particles have similar orientations. At any point per- 
pendicular to the final position of the shortest axes of the min- 
eral particles there will be the property of cleavage. As the 
differential movement at any given place is parallel to the dip, 
the longest axes of the mineral particles will be in the plane of 
cleavage and in the direction of dip. The mean axes of the 
mineral particles will be in the same plane but in the direction 
of the strike of the-cleavage. 
If before the folding a cleavage had already developed 
parallel to the bedding by deep-seated metasomatic change or 
by flattening parallel to the bedding below the level of no lateral 





stress, as suggested in the following number of this Journat, 
this would modify the direction of the secondary structure, 
making it more nearly parallel to the bedding than it would 
otherwise be. 

In areas of symmetrical or gently inclined folds and in homo- 
geneous rocks the shortening is approximately in the line of the 
horizon and the cleavage therefore steeply inclined. In hetero- 
geneous rocks the differential movement between the layers, as 
has been pointed out (pp. 207-208 of my first article), is ordi- 
narily upward for a higher stratum as compared with the one 
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next below it. In the case of abnormal folds (see pp. 330-332 
of my second article) this differential movement is emphasized. 
Consequent upon the differential movement upon the limbs of 
the fold in weak beds where the shearing motion is largely con- 
centrated, the cleavage is locally flatter than in homogeneous 
rocks. Whether the rocks are homogeneous or heterogene- 
ous the rotation is in opposite directions on opposite sides 
of anticlinal arches or synclinal troughs, being outward for an 
anticline and inward tor a syncline; therefore on opposite limbs of 
a fold the cleavage usually dips in opposite directions. Upon oppo- 
site sides of an anticline the cleavage usually diverges downward, 
and on opposite sides of a syncline it usually converges downward. 

Ordinarily the rotation of shearing will not go far enough to 
bring the cleavage into correspondence with bedding, and its dip 
will be steeper than the dip of the strata; hence, on opposite sides 
of a fold the variation in the dip of cleavage ts less than the variation 
in the dip of bedding. However, in the case of much-compressed 
normal composite folds ( Figs. 8 and 11 on pp. 321 and 323) the 
force of gravity and unequal thrust control the direction of the 
moving force, and consequently the form of the secondary folds. 
In this case the cleavage may be rotated from its ordinary posi- 
tion, and upon opposite sides of the anticlinorium the cleavage 
may converge downward and upon opposite sides of the synclin- 
orium may diverge downward. This applies as well to the cen- 
tral fan folds as to the minor folds on the flanks ( Fig. 9, on p. 
321 }. 

It has been pointed out (p. 341) in the case of much-inclined 
or overturned folds, that the resultant differential movement or 
shearing between the strata on the steeply inclined or overturned 
limb may be down for a geologically superior stratum as com- 
pared with an inferior stratum. It follows that the shearing on 
both limbs of the fold is in the same direction, and therefore 
that im regions of overturned monoclinal folds the cleavage may be 


rotated in the same direction throughout, and will hence be monoclinal. 


Since on monoclinal folds the differential movement is great on 


the longer and flatter limb of the fold, the cleavage may be 
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rotated so as to be almost parallel to bedding, but usually is 
somewhat steeper. As the resultant differential movement is 
comparatively slight on the steeper, shorter limb, the cleavage 
usually cuts across the bedding at a considerable angle and is 
steeper in reference to the horizon. On the opposite limbs of 
monoclinal fan-shaped anticlines the cleavage may be nearly 
parallel, or may even converge downward, and on the opposite 
limbs of monoclinal fan-shaped synclines the cleavage may be 
nearly parallel, or even diverge downward. 

This contrast with symmetrical folds is due to the continu- 
ous rotation in the same direction of the cleavage along the arch 
limb of the fold combined with the rotation in the reversed limb, 
first opposite to and afterward in the same direction as that on 
the arch limb. As in the case of symmetrical folds, the vari- 
ation in dip of cleavage is less than the variation in the dip of 
bedding. In districts in which cleavage and bedding have the 
relations abuve described, on the longer arch limbs it is often 
difficult to discriminate between the two, but it is believed that 
the cleavage is usually slightly steeper than the bedding, as 
already explained. On the steep or reversed limbs the minor 
crenulations of the strata are usually easily detected intersect- 
ing the cleavage. 

When rocks are openly folded the discrepancy between 
cleavage and bedding is usually great. As the folding becomes 
closer the average discrepancy becomes less. If the compres- 
sion goes so far as to form isoclinal folds the bedding and cleav- 
age may nearly correspond upon the limbs of the folds, but the 
two will be at right angles to each other upon the crests of anti- 
clines and in the troughs of synclines (Fig. 7). When the 
compression is so great as to form plicated folds, the changes 


in the direction of bedding being very sharp, the discrepancy 





between bedding and cleavage will be slight. However, the 
discrepancy is real and important. The cleavage in this case 
may be about parallel to the axial planes of the folds, and will 
cut the beds at avery acute angle. In many districts where 


cleavage has been described as everywhere according with bed- 
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ding, and the two do approximate but not exactly accord in 
direction upon the limbs of the folds, a close examination 
shows that on the crests of the anticlines and in the troughs of 


the synclines the two structures intersect each other. 


a 











c* 











Fics. 8 and 9. Diagram showing development of fissility along the longer and 
shorter diagonals of a deformed portion of a rock stratum. 

In the center of stratum the fractures are in the planes of greatest shearing, but 
on the outside of the layer the fractures are in lesser shearing planes, the direction of 


fracture being controlled to some extent by bedding. 


At the beginning of the process it may be noted that the 
shortening is at right angles to the bedding. At the end of the 
process the shortening is parallel to the bedding. Thus the 
work first done is partly undone. The resultant position of the 
shorter axes of the mineral particles in reference to the bed is 


intermediate between the two extremes. 


DEVELOPMENT OF FISSILITY IN HETEROGENEOUS ROCKS. 


The development of fissility in heterogeneous rock beds is 
still more complicated. The directions of the forces are exactly 


the same as with cleavage, but as fissility develops along the 


shearing planes, in the simplest case this structure forms in two 
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general directions. In simple folding, as there is differential 
movement between the layers, the deformation of a portion of a 
given layer is that of a rectangle (Fig. 8), adcd, into a parallelo- 
gram (Fig. 9), efgh. If the layer were exactly homogeneous 
and the pressure normal, the secondary structures would be 
nearly at right angles to each other and at an angle of about 45 
to the greatest pressure. According to Becker, in the case of 
inclined pressure the structures would have different positions, 
but they still would be planes. These conditions are most 
nearly approached in the center of a bed which at this place is 
massive. However, in passing from the center to the weaker, 
outer part, the original bedding may largely control the direction 
of parting, the partings occurring near the planes of bedding 
rather than in those of greatest tangential stress (Fig. 10). The 
result is that the planes of fissility may change from their 
diagonal position in the center of the layer, where it is most 
rigid, to nearly parallel to the bedding on the outer parts, where 
it is least rigid. 

The diagonal ad (Fig. 8) is shortened to ed (Fig. 9); there- 
fore the fissility along the diagonal gf is formed under condi- 
tions of compression. This results in producing many approxi- 
mately parallel planes of fissility. No sooner does a parting 
form than the laminz are sheared over one another, thus pro- 
ducing slickensided surfaces. Across this structure along the 
longer diagonal, in the plane of the shorter diagonal, there is 
actual stretching of the material. The length of the original 
diagonal cé is increased to gf. Parallel cracks are therefore pro- 
duced in this direction. As a crack once formed easily widens, 
the result is the production of a few cracks of considerable size. 
The broken parts do not rub over one another, and hence do not 
produce slickensided surfaces. These peculiarities frequently 
lead to oversight of the shearing along the planes of the shorter 
diagonal. The development of the cracks along the shorter 
diagonal are strictly analogous of the upward-pointing crevasses 
of a glacier. 


The planes of fissility near the border of the beds, where 
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the rigidity is less, perhaps originally developed diagonally, may 
be rotated to a nearly parallel position. This rotation may 
change the direction of the planes of fissility either in the com- 
pressed or the stretched diagonal. The cross fissility will grade 
into parallel fissility by a gentle curve. On opposite sides of a 


layer the curves are in opposite directions, just as in the case of 





Fic. 10.— Parallel fissilit 


cleavage, and by these curves it is easy to determine the rela- 
tive direction of movement of the layers ( Fig. 10). 

This rotation is explained by Fig. 11, which is supposed to 
represent a bed of rock made up of thirteen layers differing in 
rigidity. In passing from the outside of the bed to the center 
the coefficient of rigidity of each layer is supposed to be twice 
as great as that of the one next adjacent. The greatest stress 
is supposed to be the same throughout the bed, and in an inclined 
direction, and, as shown (pp. 471-472), these conditions may be 
approximately complied with upon the limbs of folds. When 
the differential stress exceeds the ultimate strength of the rock, 
parallel fractures along shearing planes will be formed. The 
fracturing will continue until the stress falls below the ultimate 


strength of the rock. The differential stress may still surpass 


the elastic limit of the rock, or if not, it may again accumulate 


until the elastic limit is exceeded. Flowage will then begin. 
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On account of the varying rigidity the two layers adjacent to 
the center will have a certain amount of differential movement, 
which may be called 1. The layers next to them toward the 
outside will have a movement which would be represented by 2; 
those next to them, 4; those next to them, 8; and the outside 
layers a movement of 16. Now, connecting similar points in the 


different layers, a curve is produced which corresponds very 


Fic. 11.— Diagram showing rotation of fissility which originally developed in 


the shearing planes to a position nearly parallel to the bedding. 


nearly in form to those which have been observed in nature. 
The structure produced in the diagonal direction, in the centers 
of the layers, has been rotated to the position indicated. In 
different rocks the variation of the coefficient of rigidity would 
be different from that supposed, and it would undoubtedly vary 
irregularly instead of regularly. A more accurate discussion 
would consider each of the layers as indefinitely thin, and the 
coefficient of rigidity in passing toward the center of the bed as 
increasing by a minute increment. If different numerical sup- 
positions be made, curves would be produced differing from 
those represented by the figure, but the same in essential char- 
acter.’ 

A third way in which the curved fissility above described 
may be produced is as a structure secondary to cleavage. That 
cleavage can be produced having the same curves and relations 
to bedding as just described for fissility has already been shown 
(pp. 471-474). Such previously developed cleavage would give 
parallel curved surfaces of weakness. When the rock passed 
into the zone of fracture fissility would develop along these 
shearing planes whether they were those of maximum tangential 
stress or not. 


*Compare Geology of the Comstock Lode and the Washoe District, by Gro. F. 
BECKER, Mon. U.S. Geol. Surv., Vol. III, pp. 156-178, 1882. 
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The above phenomena (probably secondary to cleavage) are 
finely illustrated in the quartzites of the North Range of Bara- 
boo, Wisconsin and in the massive graywackes of the Ocoee 
series on the Hiwassee River, Tennessee, combined with cross 
and parallel secondary structures, as shown by Fig. 10. It is 
possible that in the cases of both cleavage and fissility as the 
folding becomes closer and closer the zones of much shearing 
may extend farther and farther into the rigid beds, producing 
secondary structures nearly parallel to bedding throughout the 
limbs of the folds. If the thrust be so powerful as to give the 
layers isoclinal dips, the secondary structures and bedding will 
be developed or rotated so as to be nearly parallel throughout 
the rock-mass, except at the sharp turns on the crests of the anti- 
clines and in the troughs of the synclines, just as in the case of 


normal plastic flow in homogeneous rocks. (See pp. 464-465). 


RELATIONS OF CLEAVAGE AND FISSILITY TO EACH OTHER. 
GRADATION BETWEEN CLEAVAGE AND FISSILITY. 

In passing downward from the zone of fracture to the zone 
of flowage, one would naturally expect to find all gradations 
between fissility in two directions developed in the maximum 
shearing planes and cleavage in a single direction developed in 
the normal planes. To this natural expectation the phenomena 
seem to correspond. Rocks are found having two planes of 
fissility intersecting nearly at 90° ; others which intersect each 
other somewhat more acutely, so that the rock breaks up into 
forms having rhombic or rhomboidal sections ; others in which 
the rhombs or rhomboids have their axes very long in one direc- 
tion as compared with those in the other; and others in which 
the two directions are so nearly parallel that they are not sepa- 
rated, except by close observation. 

According to Becker' and Hoskins,? somewhat inclined inter- 

‘Finite Homogeneous Strain, Flow, and Rupture of Rocks, by GEorGE F. 
BEecKER, Bull. Geol. Soc. Am., Vol. IV, 1893, p. 50. 


Flow and Fracture of Rocks as related to Structure, L. M. Hoskins, Appendix 


to Principles of North American pre-Cambrian Geology, by C. R. VAN HIsE, Sixteenth 


Ann. Rept. U.S. Geol. Surv., for 1895-6, pp. 872-874. 
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secting structures may be explained as original developments, 
but the former places the direction of greatest pressure in the 
obtuse angle, while the latter, basing his conclusion on experi 
ments, places it in the acute angle made by the two structures. 
The phenomena may be partly explained by supposing that after 
the two diagonal structures developed in the shearing planes, 
the pressure continuing to be applied with a force between the 
elastic limit and ultimate strength of the rock, there was a rota- 
tion of the two sets into approximate parallelism, just as there 
is when a net with rectangular meshes is pulled out until the 
intersecting lines are almost parallel. Professor Hoskins offers 
another explanation of this transition, as follows (oc. cit.): In 
an early stage of the development there may have been flowage 
of the rock sufficient to produce a more or less perfect cleavage. 
The rock, as a result of more rapid deformation or of erosion, 
may then pass to the zone of fracture. If the stresses remain in 
the same direction the fractures would not take place along 
planes of greatest shearing stress, but tend to approach the 
planes of flattening. In proportion as a previous cleavage was 
prominent, a secondary intersecting fissility in two directions 
might very nearly approximate in position with the cleavage. 
Doubtless in many cases the different causes above given com- 


bined to produce acutely intersecting fissility. 


FISSILITY SECONDARY TO CLEAVAGE. 

For any given layer in a horizontal position in the zone in 
which fissility is developed, it is probable that horizontal thrust 
is great in proportion to gravity. If gravity were wholly 
neglected the greatest shearing stress would be at 45° to the 
bedding. In the zone in which cleavage is developed it is prob- 
able that gravity is very important as compared with tangential 
thrust. If these are supposed to be equal, the direction of 
greatest normal pressure would be inclined at 45° to the bed- 
ding, and the cleavage planes at right angles to this would also 
be equally inclined to the bedding, but in an opposite direction. 


It therefore follows that fissility developing in heterogeneous 
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rocks in the shearing planes and cleavage developing in rocks 
of the same character in normal planes may have like 
directions with reference to the bedding. If cleavage be 
developed in the normal planes inclined to the bedding, 
and by denudation this stratum passes to the zone of fracture, 
as a consequence of the lessening power of gravity, these normal 
planes are now shearing planes, and fissility is controlled in direc- 
tion by the previous cleavage structure. It thus becomes evi- 
dent that it may be exceedingly difficult, if not impossible, to 
discriminate between original fissility in the shearing planes and 
a secondary fissility which has been controlled by cleavage. 
In other cases, as well as these special ones, it is to be expected 
that a rock in which cleavage has developed under deep-seated 
conditions would be ruptured before reaching the surface dur- 
ing the long time it is in the zone of fracture. To this expect- 
ation the facts correspond. In all regions with which I am 
acquainted having well-developed cleavage, fissility is also found 
to a greater or lesser degree. Usually the fissility is more 
marked here and less marked there, for where a fracture or set 
of fractures has been formed, there it is easier for further move- 
ment to occur. Hence belts of strongly fissile rock are sepa- 
rated by others in which there is but slight fissility. In general, 
however, fractures along shearing planes occur near together or 
wide apart within all rock-masses showing cleavage. To this 
the confusion of the two structures is doubtless largely due. It 
may be that the use of the term “‘fissility” should be restricted 
to a structure developing secondary to cleavage or to bedding, 
and that original fractures, developing along shearing planes, 
independent of any previous structure, should be called joints. 
However this may be, it appears probable that where a rock is 
broken into very thin laminz in a uniform direction for a con- 
siderable area, the secondary structure originally developed as 


true cleavage in the normal planes. I therefore conclude that 


fissility developing in the shearing planes ts usually secondary to cleav- 


age which developed in the normal planes. 
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CLEAVAGE AND FISSILITY MAY DEVELOP AT THE SAME DEPTH. 

It is clear that in heterogeneous rocks cleavage and fissility 
may develop in beds of different character at the same depth, 
for weak beds may be in the zone of flowage at the same depth 
at which strong beds are in the zone of fracture. For instance, 
the fine-grained argillaceous beds within a formation may develop 
cleavage, while the coarser-grained siliceous beds may develop 
fissility. Thus may be explained some of the cases of change in 
direction of the secondary structures in passing from one to the 
other. Also,a bed under a certain weight may be in the zone of 
fracture if rapidly deformed, and in the zone of flowage if slowly 
deformed. As has been seen under the subject of deformation 
(p. 212), the middle zone of combined flowage and fracture is 
probably 5000 meters thick, and it may be thicker, and through- 
out this zone either cleavage or fissility may be formed. It is 
only in the zone of fracture that fissility alone can form, and 
only in the deep-seated zone of flowage that cleavage alone can 


C. R. Van HIsE. 


form. 











LARGE-SCALE MAPS AS GEOGRAPHICAL 
ILLUSTRATIONS. 


VERBAL descriptions are so insufficient in geographical teach- 
ing that supplementary illustrations, in the forms of maps, 
views, and models, must be employed as far as possible. As an 
aid towards making a collection of the first class of these illus- 
trative materials, this essay gives an account of a number of 
examples from a collection of grouped sheets of foreign large- 
scale topographical maps that have been used in my college 
course in Physical Geography Physiography —with much 
profit during recent years. 

The ordinary wall and atlas maps, on a scale of I-—1,000,000 
or smaller, show large parts of the world and suggest the gen- 
eral location of one geographical feature with respect to another; 
they give much general information, but they afford no suf- 
ficient indication of topographical form. Land relief is so far 
generalized on such maps that its conventional representation 
hardly recalls the image of land forms as we actually see them 
outdoors. The detailed governmental maps, on the other hand, 
on a scale of 1—100,000 or larger, show so small an area of 
country that their location can at first be hardly identified, 
unless they happen to include some well-known city, or river, 
or other familiar feature; they must generally be located by 
means of an ordinary small-scale map which designates their 
area with respect to known boundaries. But these maps repre- 
sent so much topographical detail that an examination of them 
really gives a good idea of the actual minute forms of which the 
land surface is made up; and they thus supply a basis for geo- 
graphical observation that is in the highest degree profitable to 


the student or investigator. They are in effect so many new 


texts, in graphic instead of in verbal form. Some practice is 
434 
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necessary in order to interpret their meaning easily and accu- 
rately ; but their language is not difficult to learn. Next to a 
visit to different parts of the world, the study of these maps 
presents the best opportunity of gaining a real sense of the 
facts of geographical form with which Physical Geography has 
so largely to deal. In so far as they enable the student rapidly 
to generalize the individual facts slowly accumulated and 
recorded by many observers, they endow him with a power 
that could not be gained by field work without their aid, except 
by spending a very long time on the ground. 

This value of good maps is evidently not generally recog- 
nized or admitted, but it may be claimed and defended. It is 
as legitimate to base scientific discussions of fact and theory on 
good maps as it was for Loomis to base his great series of 
meteorological inductions on the records of our Signal Service. 
The failure to perceive this is indicated in a recent notice of an 
essay by C. Abbe, Jr.,‘ in the Monthly Record of the (London) 
Geographical Journal for March of this year. Mr. Abbe’s essay 
dealt with the features and the explanation of the cuspate capes 
of our Carolina coast, his statement of fact being based on the 
Coast Survey charts. The explanation or theory of the origin 
of the cusps was entirely distinct from his inductions of gener- 
alized facts. The reviewer in the monthly notices, however, 
says: This essay appears to be “a purely theoretical discus- 
sion, not based on actual observations.” Truly it was not based 
on personal observations, but it was very carefully based on 
actual observations ; and in this respect it was, to compare small 
things with great, not ‘purely theoretical,” but as truly scien- 
tific as Loomis’ famous studies. 

The habit of using maps, as far as travelers generally pos- 
sess it, is very largely based on familiarity with atlas maps, as 
studied in the school room or library ; and it is perhaps for this 
reason that explorers are so often content to bring home only 
narrative or locative accounts of their experiences, and so gener- 
ally satisfied to omit the systematic, rational, explanatory 


* Proc. Bost. Soc. Nat. Hist., XX VI, 1896, 489-497. 
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de scriptions of the geographical forms that they have seen. The 
use of large scale maps in teaching may perhaps in part serve 
to correct this bad habit. 

The maps that I shall here refer to are prepared by govern- 
mental surveys of European countries. These foreign maps are 
in general of greater detail and accuracy than those of our coun- 
try, but of course the latter should not be neglected. They are 
of great educational value and are in constant use in my _ teach- 
ing, as is more fully indicated below. The use of the foreign 
maps began with selections from the sheets of the Ordnance 
Survey of Great Britain and of the Army Staff map of France in 
our college library. At first the separate sheets were carried to 
the geographical laboratory and hung in groups on the wall or 
on racks. But there was much trouble in carrying the sheets 
back and forth, and in hanging them up in proper order; the 
white margins of the adjoining sheets prevented their joining 
nicely, and the constant use of the same sheets, year after year, 
threatened to injure them more seriously than could be permit- 
ted. I have, therefore, in recent years devoted part of the fund 
allotted for laboratory expenses to the purchase of extra copies 
of the particular sheets that give the best illustrations, and it is 
the grouped sheets thus selected that are in part described 
below. By mounting the sheets in groups on rollers they can 
be kept on racks in the laboratory, easily hung on the wall when 
wanted, and quickly stowed away again when done with. The 
ease of handling thus gained is one of the best means of increas- 
ing the use of maps as materials for laboratory instruction in 
geography. The labor of preparing for an exercise and clear- 
ing up the room after it must be reduced to a minimum, espe- 
cially for those of us not liberally endowed with the spirit of 
order ; otherwise too much time is taken in purely manual work, 
if indeed the trouble of such work does not lead to its neglect 
altogether. 

The mounted sheets have served so good a purpose that I 
am now increasing their number as rapidly as possible. They 


serve not only in the general course in which the principles of 
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physiography — geomorphology, some of our writers would call 
it-——are treated, but they are invaluable in a later course on 
Europe, where forms that were before considered chiefly as 
types of their kind, are considered more fully in their relations 
to their surroundings, and in the controls that they exert on 
occupation and movement; but of this later use it is not my 
purpose to say more at present. The selection of sheets to be 
purchased for the laboratory is in all cases made from the full set, 
as far as published for each country, in the map collection of the 
college library; this collection having been at my intercession 
largeiy increased in the past four years. Practically all the Euro- 
pean countries are now represented on scales varying from 
I—40,000 to I—-100,000. Details concerning the manner of prepara- 
tion and the form of publication of all the maps may be found in 
Wheeler’s compendious Report on the Third International Geo- 
graphical Congress and Exhibition at Venice, 1881, published by 
resolution of Congress as House Ex. Doc. No. 270, second session, 
Forty-eighth Congress, Washington, 1885. Small index maps, 
showing the distribution of completed sheets of the modern 
topographical surveys of the European countries, are very con- 
veniently published in the Geographisches Jahrbuch (Gotha) for 
1894. 

The grouped sheets provide for foreign countries much the 
same illustrations as are given of our own country by our gov- 
ernmental maps, of which a list of selected single sheets, useful 
for purposes of study and teaching, was prepared at the sugges- 
tion of the Geographical Conference held in Chicago in Christ- 
mas week, 1892, and published under the title ‘*Governmental 
Maps for Use in Schools”’ ( Holt, New York, 1894). There is, 
however, a marked difference between the home and foreign 
maps in the much greater detail of the latter. It is true that 
the maps of our Coast Survey are not excelled for minuteness of 


+ 


detail by any of the foreign maps here referred to; but the 
Coast Survey charts cover only a narrow border of land along the 
seashore. The topographical maps of the United States Geol- 


ogical Survey are less detailed; they are truly a great advance 
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on anything that we before possessed for the greater part of the 
country that they cover, but they are by no means of final 
accuracy. Indeed, one of the results that I hope to see from 
their publication is the education of the public to the need of 
still better maps and their preparation a few decades in the 
future. For the present it is perhaps too much to expect that 
so vast a domain as ours can be surveyed in a manner appro- 
priate to more densely settled European countries, and ata 
cost that might in many regions approach the market value of 
the land itself. Information as to this question of relative cost 
may be found in Wheeler’s report, above mentioned, and in the 
testimony of Major Powell, then director of the United States 
Geological Survey, before the Joint Commission of Congress on 
the Governmental Scientific Bureaus in 1884-5 (XLIX Con- 
gress, Ist session, Mis. Doc. 82, Washington, 1886). 

It is not intended to imply for a moment that better exam- 
ples of geographical forms are to be found abroad than at 
home; but that, for the present, better representations of many 
typical forms can be obtained from foreign than from home 
surveys. Care should of course be taken to introduce home 
examples as fully as possible; and for this purpose, a good 
number of our own maps, grouped and mounted for laboratory 
study, are in frequent use, and their number is increasing year 
by year; but there are two lessons that are well taught by the 
foreign maps. The first is the essential community of individ- 
ual geographical forms over the world; when well learned in 
one place, they may be easily recognized in another. The simi- 
larity of members of the same family is very striking, and gives 
good emphasis to the principles of systematic geography. The 
second lesson concerns the educational value of fine maps; from 
this I hope in time to see a growth of public sentiment in favor 
of better maps for our own country, and where should this sen- 


timent be planted better than among college students ? 


The intelligent appreciation and use of good home maps will 
be furthered by a knowledge of the kind of information that 


good foreign maps impart. At present it is seldom that one 
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notices a traveler, among the thousands who travel, furnished 
with a map of the district that he is traversing, even though it 
may be unfamiliar to him. The railroad diagrams, given on 
time-table ‘‘folders,’’ are hardly to be reckoned among maps, 
as they are nearly always greatly distorted for the sake of 
bringing the line and the stations of the company that pub- 
lishes them distinctly before the traveler’s eye. Moreover, 
they omit nearly all indication of physical features; any sign 
of relief that is introduced is badly drawn. Yet a good map 
greatly increases the pleasure and diminishes the fatigue of 
travel to one who is intellectually active enough to take interest 
in novel surroundings. The name of a river and its course up 
and down stream, the places that are near but not on the route 
followed, the further extent of physical features that are partly 
in sight from the car windows; all these matters deserve 
recognition at the time of passing them. A student who has 
had some experience of really good maps will go further than 
simply supplying himself with the best maps he can now find 
of his line of travel; he will be so discontent with those that 
he can ordinarily get in this country that he will contribute 
towards building up a demand for better maps. 

These grouped sheets are simply invaluable in teaching. 
Students and visiting teachers alike are so ready in their appre- 
ciation and praise of them as materials for geographical teach- 
ing that I urge the introduction of their use by all who wish to 
make vivid impressions of the fundamental facts of the science 
of geography. Ata later date the examples here given will be 
supplemented by briefer accounts of others from Norway, Swe- 
den, Austria, Italy, etc. 

The following accounts of a number of grouped sheets are 
arranged according to countries, rather than according to the 
features that they represent, as the former plan seems more con- 
venient for the use of teachers and students to whom this paper 
is addressed. At the beginning of the series for each country 
is the official name of the survey from which the map sheets 
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are taken, the scale and general style of the map, the dimen- 
sions and cost of single sheets, and the name and addresses of 
the government agent from whom they may be bought. Many 
additional details concerning these surveys, their date of begin- 
ning and ending, their officers, administration, cost, and so on, 
may be obtained from Wheeler's report, referred to above. 
Each group of sheets is given a distinctive local name for easy 
reference ; this being followed by the official numbers of the 
sheets selected. Orders for copies of these sheets can be sent 
through any importing bookseller; but it is important to empha- 
size certain points. The edition on the lightest paper should be 
selected, when there is any variation in this respect. Particular 
care should be taken to pick out sheets that match in tint of 
paper and in depth of impression in printing; otherwise, the 
several sheets may not match well when mounted together. 
Blank index maps of each country should be asked for; these 
are generally furnished free or at nominal cost, and are of value 
in giving precise location to the group of sheets when mounted. 
The cost of mounting is often nearly as much as the cost of the 


maps; but it is essential to have this work well done.’ 


GREAT BRITAIN. 


ORDNANCE SURVEY OF SCOTLAND. Scale, one inch to a mile, 
1:63,360; “with hills.” Sheets, 24 by 18 inches, printed in 
black, with hill shading in harchures; altitudes of various points 
given in feet. 

NEW ORDNANCE SURVEY OF ENGLAND. Scale, printing, etc., 
same as the above but sheets of smaller size, 21 by 16 inches. 
Che original ordnance survey has much less expensive hill shad- 
ing than the new survey, but the new sheets at present cover 
only a small part of the country. 

Sale Agent. Edward Stanford, Charing Cross, London, 
S. W. Price, per sheet: Scotland, Is. gd.; England, Is. 


Messrs. W. W. Wurre & Co., 66 Pearl street, Boston, have done a good deal 


of this work for me in a thoroughly satisfactory manner. 
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THE SCOTCH HIGHLANDS AND THE GREAT GLEN. 

Sheets 53, 54, 62, 63, 72, 73, 82, 83. 

The Highlands of Scotland are described by Sir Archibald 
Geikie in his Scenery of Scotland (2d edition) as an ancient 
mountain region, reduced to a plain of moderate inequality by 
atmospheric and marine denudation, and then broadly elevated 
and dissected. Since the dissection, the region has been heavily 
glaciated and moderately depressed; thus the lochs and the 
fiords are explained; Professor James Geikie’s Great lee Age 
(3d edition) being the best reference on this part of the subject. 

The group of sheet here selected includes the western part of 
the Grampian Hills (the Highlands next north of the Lowlands), 
as well as part of the more northern Highlands and of the Great 
glen by which the northern and southern Highlands are obliquely 
separated. The chief characteristic of this rugged region is the 
thorough, mature dissection of the ancient peneplain in which 
the glens are carved, and the absence of definite trends in the 
course of the smaller ridges and glens. It seems as if the struc- 
ture of the uplifted plain of denudation were so massive that the 
processes of dissection in the present cycle of erosion found few 
distinct guides to. direct their course. The Great glen, which 
is said to follow an ancient structural line of deformation and 
weakness, is almost the only example of topographic form that 
persists in maintaining a definite course for a considerable dis- 
tance. 

Among the special features of this region may be mentioned : 
Ben Nevis, the highest of the Scotch summits, although only 
about four miles from the head of Loch Linnhe, a long arm of 
the sea that enters far into the trough of the Great glen; several 
straths, or broad valley floors, such as Straths Spey and Spean, 
the seat of the greater part of the scanty Highland population ; 
the frequent low level and comparatively flat divides on glen or 
strath floors between opposing streams; several large lakes, such 
as Lochs Lochy and Ness in the axis of the Great glen, with 
Quoich and Arkaig on the northand Treig and Etive on the south 


in subordinate glens, all these and their fellows being ascribed to 
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glacial excavation by Scotch geologists; diluvial and alluvial 
valley floors, the first at the head of Loch Carron, consisting of 
a wash of gravels in front of a local terminal moraine, the second 
in Glen Glass, traversed by a meandering stream ; numerous small 
rock-basin lakes in corries or cirques at the head of steep-sided 
glens, and many scattered tarns on the more even upland surfaces ; 
the famous “ parallel roads’”’ of Glens Roy and Gloy, just north of 
Ben Nevis, the relation of the altitude of these beaches to the con- 
trolling cols being clearly shown (a list of articles on this inter- 
esting locality may be found in Nature for May 20, 1880); the 
peculiar back-handed courses of the streams on the southern side 
of Strath Spean, strongly suggesting a modification of preglacial 
divides by glacial erosion and deposition, although not yet 
locally studied and explained as far as I have been able to learn ; 
the upper part of Loch Linnhe, one of the finest of the sea-lochs, 
or fiords, by which the western coast is so deeply indented; the 
twenty-foot sea bench occurs around the shore of this loch, all 
the villages, roads, and crofts being laid upon it; but it is too 
delicate for clear representation on these maps. 

It should be noted that western Scotland is a good example 
of a too irregular coast line. The submergence suffered by the 
western coast has drowned the lower ends of many straths, con- 
verting them into fiords, whose waters rise on the steep slopes 
of the mountain sides; thus the area of easily habitable ground 
has been unfortunately decreased. A great number of the pro- 
tected harbors might be to advantage exchanged for low ground 
on which the harbor-users could live. A highly irregular coast 
line is not alone an advantage to human development; it must 
be well proportioned to other advantageous features, as Ratzel 


has shown ( Jahresber. Geogr. Gesell, Miinchen, 1894, 83). 


rHE EASTERN LOWLANDS OF SCOTLAND. 


Sheets 23, 24, 31, 32, 39, 40, 47. 48, 55, 56. 
The lowlands have been denuded in Tertiary time on a belt 


of comparatively weak strata (Old Red and Carboniferous, rich 


in coal and iron,) between the more resistant rocks of the High- 
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lands on the north and Southern Uplands on the other side. 


This series of sheets exhibits on the north the border of the 


RRR 


eastern Grampians, which repeat the systemless, trendless forms 
5 of the Ben Nevis region; the sudden descent to the Lowlands, 
where the tilted rock structure produces well defined ridges of 
moderate height—not to be confused however with the numer- 
ous drumlins of smooth-flowing form and arrangement and of small 
elevation. The chief ridges are the Ochils, the Sidlaws, and the 
Pentland hills; these being resistent interbedded igneous rocks, 
Carboniferous for the most part, that have withstood the erosion 
of Tertiary time. The river Tay, emerging from the Gram- 
pians on the north, breaches the Sidlaws at Perth, and then turns 
eastward and follows the axis of the anticline, whose flanks 
form the Sidlaws on the north and eastern Ochils on the south 
to its estuary at Dundee. The Forth, breaching the Ochils at 
Sterling, turns eastward through its estuary or Firth in the broad 
depression between the Ochils and the Pentland Hills. To the 
southeast of Edinburgh, the preglacial surface of the Lowland 
appears to have been less degraded than aggraded by glacial 
‘ action, for the district is completely fluted with drumlins. The 
smaller streams hereabouts all follow narrow postglacial channels 

The Southern Uplands rise in the Lammermuir group; irregu- 
larly dissected, but of much less relief than the Highlands, and 
generally with smoothly flowing forms. 

The most important matter to emphasize in connection with 
this group is that the moderate altitude of the Lowlands is not 
due to failure of uplift hereabouts of the ancient lowland of 
denudation which embraced all Scotland; the district of the 
Lowlands was uplifted with the Highlands on the north and the 

Uplands on the south; but while the Highlands and Uplands have, 
4 in virtue of their resistant rocks, retained in their skylines good 
evidence of the altitude to which their entire surface formerly 
rose, the Lowlands, of relatively weak rocks, have wasted away 
and asa whole are reduced to an imperfect peneplain of the 
second generation. It is only where the more resistant volcanic 


rocks occur among the weaker sedimentaries that a significant 
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part of the altitude that the whole Lowland district once had is 
still recognizable. In all this, the Lowlands are much like the 
broad lowland of the Connecticut valley in Massachusetts and 
Connecticut, between the uplands of the New England plateau 
on the east and west; even to the occurrence over the valley 
lowland of ridges of volcanic rocks, whose crest lines almost 
reach the altitude of the enclosing uplands. 

It is also important to note that the depression, by which the 
valleys were drowned into fiords in the Highlands, caused the 
Lowlands to suffer a general decrease of breadth as well asa 
penetration by firths. Thus a considerable area of valuable 
ground was lost, not only for easy agricultural occupation, but 
also for the industrial pursuits connected with coal and iron 


industries, here so highly developed. 


NORTHERN ENGLAND. 


New one-inch maps, “with hills ;’’ sheets 23-27, 29-34, 38-44, 
48-54; these sheets had better be mounted in two groups, an 
eastern and a western 

This series presents a topographical section across northern 
England. On the west are the revived ancient mountains of the 
Lake district of Cumberland and Westmoreland, with their radial 
valleys. Here, as in the Scotch Highlands, structure has little 
influence on topography; the ridges are trendless and the dis- 
section about mature. The delta-heads in Derwentwater, Wind- 
ermere, and other lakes, the delta division of Buttermere and 
Crummochwater, and of Derwentwater and Bassenthwaite, and 
the meadows of small obliterated lakes of the Esk, Great Lang- 
dale, etc., are all easily recognizable. (See H. R. Mill, Bathy- 
metric Survey of the English Lakes. London Geogr. Journal, 
V. 1895, 46-73, 135-166.) 

The vale of Eden (Trias) separates the highlands of the 
Lake district from the strong escarpment of the Pennine chain 
(Carboniferous) on the northeast; but further south, the two 


highland areas merge. The vale of Eden is floored with drum- 


lins of large size and excellent form, trending northwest. The 
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Pennine escarpment of Durham and Yorkshire marks the edge of 
an eastward monocline of Carboniferous strata, faulted on the 
western slope, deeply scored by short valleys opening west- 
ward and by longer valleys descending eastward. The divide 
between these two systems of drainage offers an interesting line 
for study. 

The rugged hills of Yorkshire gradually decrease in height 
and merge into a lowland of Triassic strata, the northern 
extremity of the long irregular “inner lowland” by which the 
‘oldlands”’ of Yorkshire, Wales and Cornwall are separated 
from the double scarped ancient coastal plain of the eastern and 
southeastern counties. Portions of the infacing scarps of the 
Yorkshire moors (Odlite) and the Yorkshire wolds (Chalk) are 
included in the southeastern sheets of this group, exhibiting the 
systematic arrangement of consequent, subsequent, and obse- 
quent drainage lines that characterizes the whole extent of the 
ancient coastal plain, from its beginning in Yorkshire southward 
to the English channel, as discussed in my paper on the Develop- 
ment of Certain English Rivers (London, Geographical Journal, 
V, 1895, 127-146). At their northern termination, the longitudi- 
nal features of the ancient coastal plain abnormally turn east- 
ward and are cut across in succession by the shore line, instead 
of continuing parallel to it, as in the normal arrangement of such 
forms: Flamborough head and the cliffs of Whitby present 
sections of the Chalk wolds and the Odlite moors. 

Ramsay's Physical Geology and Geography of Great Britain 
(6th ed.) and Woodward’s Geology of England and Wales (2d 
ed.) are the most accessible sources of information for this dis- 
trict and for England generally, but they give little physiographic 
detail compared to Geikie’s admirable book on Scotland. 

The central and southern part of England has not yet been 
covered by the new Ordnance Survey, and the hill shading of 
the older Survey is so inexpressive and often so uneven that no 
other groups for England are at present recommended. When 
issued, the sheets for the Weald (new series, 269-274, 285-290, 


301-306, 317-321, 332-334) will be very instructive. 
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FRANCE. 

CARTE DE FRANCE DE L’ETAT MAJOR.—Scale, 1:80,000. Printed 
in black, with hill-shading in hachures; altitude of various points 
in meters. Sheets about 19 by 31 inches; may be bought in 
quarter sections. 

Sale agent.—L. Baudoin, Passage Dauphine, 30, Paris. Single 


sheets, 4 fr.; quarter sheets, 1.20 fr. 
rHE SEINE IN NORMANDY. 


Sheets 19, 20, 30, 31. 

This part of Normandy is chiefly a gently undulating upland, 
dissected by numerous adolescent valleys. Although the Cre- 
taceous (Chalk) and Tertiary strata of the region are, for the 
most part, nearly horizontal, the upland does not appear to be an 
initial, undenuded plain, inasmuch as geological studies indicate 
a considerable denudation as having occurred hereabouts. 
Whether the upland is a structural plain (a plain formed by the 
removal of overlying weak strata and the discovery of a more 
resistant stratum on which further denudation hesitates) or a 
peneplain of a former cycle of denudation, now elevated and 
again undergoing dissection, does not appear to be fully deter- 
mined; but I am inclined to take the latter view, from the pecu- 
liar behavior of the river Seine, as well as from the features of 
the district known as the Pays de Bray. 

Although the Seine is enclosed in a valley of steep-sloping 
sides, this beautiful river swings in large curves of notable regu- 
larity, exhibiting the méandres encaissés of La Noé and Margerie 
(Les Formes du Terrain, Paris, 1888, 68). It seems to exhibit 
in these systematic meanderings the habit of maturity or old 
age, although the steep slopes of the valley sides would not indi- 
cate a later stage of development in the present cycle than 
adolescence. The current explanation of this relation suggests 
that the habit of meandering was normally acquired by the river 
during the late stage of a well advanced earlier cycle of denuda- 


tion, and that the habit was preserved during and after the even 


uplift by which the present cycle was initiated. In common with 

















— Ain cosine 











MAPS AS GEOGRAPHICAL ILLUSTRATIONS 497 


many other examples of this kind, the meander belt (the belt of 
country included between a pair of lines tangent to the outside 
of the meander curves) seems to have widened from the meas- 
ure that it possessed at the close of the former cycle; the evi- 
dence of this being found in the more gentle slopes by which 
the convex lobes of the upland descend into the meanders; 
while on the opposite side of the river, the descent from the 
upland to the river’s bank is abrupt. The stream has therefore 
not cut its present valley vertically beneath its former path, but 
has swung out somewhat to the right and left at its convex turns, 
encroaching on the plateau on either side, and prolonging the 
lobes of the upland that descend into the meander curves. A 
special bit of evidence for this supposition is found at the village 
of Duclair, some eight miles west of Rouen. Here a small 
stream, coming from the upland on the north, formerly continued 
its way through a southward lobe to the next down-stream curve 
of the Seine; but the ridge that separated the stream from the 
Seine has now been cut through by the northward encroachment 
of the meandering river, and for this reason the stream now 
mouths in the Seine several miles above its former mouth; its 
abandoned lower valley appearing as a narrow trench running 
obliquely through a lobe of the upland." 

The Pays de Bray is shown in great part on sheets 20 and 31. 
Structurally, it is a torn anticline, trending and plunging north- 
west and southeast, with a fault on the northeast side. Now 
deeply denuded, it determines a series of low ridges and shallow 
valleys, arranged in the form of a strung bow, with upper Jurassic 
strata revealed in the space between the bow and the string. 
The great initial elevation of this anticline is now well beveled 
down to an altitude on its ridges of a little over two hundred 
meters, and this accords so well with the general altitude ot the 


Chat and Tertiary uplands hereabouts, that the ridges of Bray 


‘This accident and certain features of the next two groups of maps are moer 
fully described in an essay by the author on the Seine, the Meuse, and the Moselle, 
Nat. Geogr. Mag., June and July, 1896; the same appearing in French in the Annales 


de Géographie (Paris), V, 1595, 25-49. 





499 STUDIES FOR STUDENTS 


confirm the evidence drawn from the meanders of the Seine as 
to the two-cycle, composite topography of the region. Sheets 
11 and 32 include the extremities of this interesting and excep- 
tional deformation. The trend of its anticline carries it north- 
west towards the Isle of Wight, and suggests its association with 
the sharp upturn by which the Chalk is revealed on the southern 
side of that island. 

The upland on either side of the Seine exhibits the features 
of adolescent dissection in the most characteristic form. The 
digitate valleys, although narrow and steep-sided, have well- 
graded floors. Much uncut upland still remains between the 
headwaters of the streams, yet the form and arrangement of the 
valleys immediately suggests the active headwater extension of 
every little branch. Some of the roads and railways follow the 
chief valleys; others traverse the upland, systematically avoid- 


ing the valley heads ; still others ascend one branch valley, cross 


the upland and descend another valley. The larger cities are 
in the chief valleys; but the upland has many villages and is 
very generally occupied. The steeper valley sides are commonly 
forested. 


The lower course of the Seine is now entered by strong tides, 
as if the region had suffered a slight depression since the exca- 
vation of the valley. The flood tide enters the estuary as a bore 
or mascaret, best seen at Caudebec, about midway between 
Havre and Rouen. The tidal scour seems here to have greatly 
aided the normal action of the river in widening its valley floor. 
While the convex lobes of the upland that enter the meander 
curves above Rouen still retain their normal form and allow only 
a narrow flood plain to the river, those that enter the valley 
further down-stream are in many cases reduced to acuminate or 
blunt cusps; the production of these cusps by the gradual con- 
sumption of the original lobes being clearly indicated by the 
transitional forms seen in regular order on passing down the 
valley, and by the manner in which the cusps point into great 


concave amphitheaters on the opposite side of the valley. Three 


examples of this kind about Quillebouef are beautifully shown. 
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Further down, the valley has been more widened, forming the 
present estuary ; here all traces of the (presumable) primitive 
lobes and meanders are destroyed. Thus, to a very limited 
extent, the action of marine currents in excavating valleys, gen- 
erally accepted as the sole process of origin early in this century, 
still deserves consideration in the lower valley of the Seine. 

The coast of this region gives a remarkably good example of 
a long continuous sea cliff, of very moderate irregularity, in the 
production of which the original outline of the land has been 
completely destroyed. This is the best example of a thoroughly 
simplified, mature coast line that I have found. The recession 
of the coast has been so great that the lower trunks of a number 
of small rivers have been consumed, leaving the upper branches 
now to enter the sea as independent streams. Rivers of this 
kind may be said to be ‘“betrunked”’ by marine erosion; they 
are easily distinguished from rivers that are betrunked by sub- 
mergence. The smaller valleys are cut across in mid-height on 
the cliff face; their deepening not having kept pace with the 
recession of the cliff, in spite of the strong fall at their lower end. 
The large proportion of underground drainage through the chalk 
of the upland has probably much to do with this result. 

Villages on the coast are found only where the larger streams 
have deepened their valleys to sea level. St. Valéry-en-Caux 
and Fécamp are good examples. Between these valleys, the 
cliffed coast is absolutely harborless and inaccessible. Jetties 
are constructed at the valley-mouths to keep the stream-inlets 
clear ; but they are rapidly clogged with the shore drift of chalk 
flints. 

THE CHAMPAGNE. 

Sheets 33, 34, 49, 50, 66, 67 

The lowland of the Champagne lies on the Cretaceous forma- 
tion, enclosed by the Tertiary escarpment of the Ile de France 
on the west, and descending by a lower escarpment of chalk to 
the humid Champagne belt on the east." The strata are gently 

‘An excellent account of the physiography of this region is given by de Lapparent. 


Lecons de Géographie phvsique, Paris, 1896, 396. 
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inclined to the west; they form part of the great Mesozoic- 
Tertiary basin of northern France, whose “oldland” is outlined 
by the Ardennes on the north, the Vosges on the east, and the 
Central plateau on the south. 

About eighty miles east of Paris, the Marne, one of the chief 
branches of the Seine, flows across the calcareous lowland of the 
Champagne, past Chalons and near Rheims, and enters the 
arenaceous upland of the Ile de France. The valley of the river 
then abruptly changes from a broad flood plain, lying openly on 
the rolling low country, to a comparatively narrow trench 
enclosed by steep slopes from the upland; but as the upland 
loses height to the west with the dip of the Tertiary sandstones 
which maintain it, the depth of the trench decreases. About 
forty miles south of the passage of the Marne, the Aube-Seine 
traverses the same calcareous lowland and enters the same 
arenaceous upland. Between the two rivers, and to a certain 
distance further north and southwest, runs the strong escarpment 
or inface of the Ile de France. Its slope is very largely covered 
with vineyards, which supply the great wine-cellars of Epernay 
and Rheims. The prospect from the crest of the inface is a most 
delightful one. Considering all these features together, it 
appears that this group of sheets presents a striking example of 
an ancient coastal plain, whose oldland lay to the eastward, 
whose strata dip gently westward, and whose existing form 
exhibits a well-developed longitudinal arrangement of topo- 
graphical features, in contrast to the transverse arrangement 
frequently observed. It may be noted by the way that the 
Brandywine, Prince Frederick, Wicomico and Leonardtown 
(Maryland) sheets of the United States Geological Survey illus- 
trate the form of an almost maturely dissected coastal plain with 
transverse features, slightly complicated at present by standing 
“up to its ankles” in the Atlantic, and thus drowning its valley 
floors into long narrow arms of the sea. On the other hand, the 
inner part of the coastal plain of Alabama is an excellent 


example of a plain having longitudinal features, parallel to its 


shore line; the Chunnenugga ridge corresponding to the upland 
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and escarpment of the Ile de France, and the inner black-soil 
prairies of the cotton belt representing the lowland of the 
Champagne. The longitudinal arrangement of relief is in these 
cases entirely due to the occurrence of a more resistant stratum 
overlying a less resistant stratum. On sucha structure,the normal 
succession of features developed in the mature stage of dissec- 
tion—especially in the mature stage of one cycle following the 
old age of a previous cycle—is the tuner lowland, where the 
weaker strata are worn down to faint relief; the zvface, where the 
retreating margin of the overlying group of harder strata now 
stands; and the outlooking slope, bevelling down the back of these 
harder strata to the next group of weaker beds, or to the coast. 
No name is yet suggested for the longitudinal upland that 
embraces both the steep infacing and the gentle outlooking 
slopes. The term “ridge” has been used, as in Clark’s account 
of the Cretaceous formations of New Jersey, but ridge is rather 
too emphatic for so broad and gentle an elevation as the 
uplands of this kind often present; and, moreover, ridge. is. a 
term of general application. What is needed is a term that..¢hall 
be associated with the upland formed by a resistant sttatam:of 
gentle dip as distinctly as inface is coming to be associated wth 
the inland facing escarpment of the upland. 

The district between the two master rivers, the Marne and 
the Seine, is very instructive in exhibiting a number of beheaded 
and diverted streams, such as are generally characteristic of the 
inner lowland of coastal plains having longitudinal features. No 
more perfect and symmetrical example of the kind has come to 
my notice. It may be explained as follows : 

At a much earlier stage of topographical development than 
the present, and before the weak calcareous belt was excavated 
to a significantly lower level than the harder arenaceous belt, 
three other streams ran westward between the Marne and the 
Aube-Seine. These streams may be called the Surmelin, Petit 
Morin, and Grand Morin, after the names of their present lower 
courses. The middle of the three forked into two branches, 


the Somme and the Vaure, just east of the line between the cal- 
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careous and arenaceous belts. Since then, all the streams have 
deepened their valleys. The master rivers have cut down to 
the greatest depth. The three intermediate streams have cut 
down to a less depth. From all these deepening valleys subse- 
quent side-streams have grown out, roughly following the strike 
of the weak calcareous belt; but the most active and important 
of these belong to the two master rivers. Let us then consider 
particularly two of these subsequents ; one growing southward 
from the Marne, the other northward from the Aube-Seine. 
These master subsequents long ago beheaded the Surmelin and 
the Grand Morin, diverting their upper courses, the Soude and 
the Maurienne, to the appropriate master rivers, and leaving the 
upper part of their beheaded lower courses in shallow valleys on 
the sandy upland. The escarpment has probably retreated two 
or three miles since these captures, and obsequent' streams now 
drain the area between the inface and the subsequent streams. 
The rearrangement of drainage, however, has not stopped at 
this point; each master subsequent stream, continuing its head- 
ward growth, has acquired in the most symmetrical manner one 
of-the two forks that once belonged to the Petit Morin; the 
iworthern ‘of the forks (the Somme) now flowing northward to 
the Marne; the southern of the two (the Maurienne) south- 
ward to the Aube-Seine; the distance from the elbow of cap- 
ture to the master river being almost the same in the two 
cases. Inasmuch as a long time must have elapsed between 
the early beheading of the Surmelin and the Grand Morin and 
the later beheading of the Petit Morin, the latter stream had 
time enough to cut a valley of considerable depth through the 
upland before it was beheaded. But now, in consequence of 
its loss of volume by the diversion of its headwater forks, its 
diminished lower course is embarrassed by the rock waste that 
creeps down the slopes of its steep-sided valley in the upland, 
and hence its present head is converted into a marsh—the 
marais de St. Gond—for several miles. Here a_ local peat 


deposit has been formed ; it is now excavated for fuel, thus giv- 


* See (London) Geographical Journal, V, 1895, 134. 
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ing a small economic value to this peculiar stage of river devel- 
opment. 

While the considerable length of the two obsequent streams 
near the elbows of the Soude and Maurienne indicates the lapse 
of a long time since the Surmelin and the Grand Morin were 
beheaded, the absence of any perceptible obsequents at the 
elbows where the forks of the Petit Morin have been captured 
shows that these last changes have been very recently accom- 
plished ; the only perceptible alteration since the capture being 
a slight trenching of the rearranged stream-lines below and 
above the elbows. The more active degrading action of the 
diverted streams and the distinct aggrading action of the 
beheaded stream are good examples of correlated development. 
These phases of action are, however, of brief duration. 

Taken all together, this is the simplest, most systematic, 
and most symmetrical example of stream rearrangement that I 
have yet found. It illustrates to perfection the type of rear- 
rangement that is suffered by streams on denuded coastal plains 
where an inner longitudinal lowland is enclosed by an upland 
having a strong inface. This group of sheets is therefore one 


of the most highly prized in our collection. 


THE BAR AND THE AIRE. 

Sheets 24, 35. 

The Bar is a small stream of very irregular course flowing 
through a meadow that follows a meandering valley, whose curves 
have a radius of nearly a mile. The valley bears every mark of 
having been excavated by a stream that had sufficient volume to 
flow smoothly around its curves in the fashion followed by the 
Seine today. The Bar, therefore, appears to be a stream of 
greatly diminished volume. Ascending its valley southward 
from its junction with the Meuse, its meandering curves are 
maintained with almost constant radius, but the volume of the 
stream progressively diminishes, and at Buzancy the marshy 
meadow is left without drainage, except such as has been pro- 
vided by the farmers who have dug ditches between their fields. 
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Passing still further southward, we come to the Aire, approach- 
ing us in a course that leads directly towards the meandering 
valley of the Bar, but turning sharply to the west near Grand Pré, 
and in a few miles joining the Aisne, a member of the system 
of the Seine. The present course of the Aire follows a rather 
narrow and steep-sided valley that is trenched beneath remnants 
of a valley plain whose altitude accords closely with the pro- 
longation of the gently ascending meadow-floor of the valley of 
the Bar. All these things considered, there is every reason to 
believe that the Aire once followed the valley of the Bar to the 
Meuse, and that it has been diverted from this path to its present 
course by the headwater growth of a lateral branch of the Aisne. 
The probability of this diversion is further proved in two ways: 
In the first place, the Aire at its junction with the Aisne has a 
height above sea level of 113 meters; the former mouth of 
the Aire in the Meuse had an elevation of 153 meters; the former 
level of the Aire at the point of capture was 182 meters; its 
present floor at this point is 130meters. Evidently, therefore, there 
was good opportunity for the development of a steeper and deeper 
course by the Aire when the chance came for deserting the sys- 
tem of the Meuse and joining that of the Seine. In the second 
place, the Fournelle, a small side-branch of the Aisne, now heads 
close to the Bar, the divide between the two being only six 
meters above the latter, while the mouth of the Fournelle in the 
Aisne is 68 meters lower than the Bar. A little further pushing 
of this divide towards the eastward, and the Bar would be diverted 
precisely as the Aire has already been. 

The meadow that now floors the meandering valley of the 
Bar has every appearance of having been aggraded; this is a 
very natural result of the loss of volume in the beheaded stream, 
which now demands a steeper slope than that which was formerly 
sufficient. 

The head of the Bar is not now immediately adjacent to the 
elbow where the Aire turns westward, but is eleven kilometers 


further north; this distance being occupied by a small stream 


that flows southward to the elbow of capture. The enfeebled 
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Bar must have been progressively shortened as the south-flowing 
stream grew headward. While this change must have gone on 
rapidly for a time following the epoch of capture, its future 
progress must be extremely slow, because the slopes of the two 
sides of the divide at the head of the Bar are now not very unsym- 
metrical. 

This set of sheets furnishes the best example of a diminished 
stream wandering on the aggraded floor of a meandering valley 


that has come to my notice. 


THE COAST OF GASCONY. 


Sheets 170, 180, I9I, 202, 203, 214, 215. 

A great part of the smooth low plain—the Landes — of south- 
western France exhibits to a nicety the uncarved initial form of 
an almost infantile coastal plan of Pleiocene strata. Its surface, 
seldom cut by streams and marshy in many parts, may be 
traversed for miles without perceptible inequality. Roads, rail- 
ways, and property lines follow straight courses for long distances. 
Where streams occur, they occupy very narrow, steep-sided 
valleys of slight depth, leaving the broad interstream spaces 
with very imperfect drainage; once the home of the stilted shep- 
herds. 

The harborless coast line of this district, from the mouth of 
the Garonne southward to the Pyrenees, is of remarkable, indeed 
of exceptional straightness: for miles together, its departure 
from a direct line is hardly perceptible. Dunes fringe the whole 
, extent of this even coast, and stretch inland over a belt of from 
two to four miles wide. Their invasion of the plain has been 
largely arrested by planting pine trees. The dune barrier effec- 
tually encloses the water from a number of the streams, which 
then collects in sub-triangular lagoons, or ¢fangs. One of these, 
the basin of Arcachon, is supplied by the largest stream of the 
district, and maintains an open channel to the sea; here the quiet 
étang is replaced by a mud plain that is alternately covered and 
bared with every run of the tides. It possesses the short, blunt 


water courses, characteristic of tidal scour on a debatable land 
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surface. It is only where tidal channels of this kind are main- 
tained, breaking across the embankment of dunes, that the shore 
line shows significant irregularity by bending somewhat seaward. 

The surface of the plain is in a very young stage of its life 
history, but its margin, beaten upon by a stormy sea, must be 
regarded as more maturely developed. It is just such a flat coast 
as should have normally been provided with an off-shore bar in 
the earlier stages of sea attack; but if such a bar ever existed 
here, it has now been pushed in against and upon the land, the 
sea bottom deing deepened at the same time, until at present the 
waves roll in and cut the margin of the plain itself. The pro- 
longation of the slope of the plain does not now coincide with 
the sea floor; the latter is distinctly below the former ( Rec/us, 
La France, 103) [his satisfactorily illustrates a case of the 
more rapid advance into the cycle of geographical development 
under the strong attack of the marginal waves than under the 
weak action of the superficial drainage; but this is not a con- 
stant relation. 

The features here illustrated are of a simple kind; but they 
are of value in preparing the way for a clear understanding of 


more complicated examples. 


GERMANY. 


KARTE DES DEUTSCHEN REICHES: Scale, 1—100,000, with hill 
shading in hachures; sheets 11x13 inches; printed in black, 
except waters in blue. Altitudes of various points in meters. 
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Berlin, N. W., Germany. Price of sheets, 1.50 marks. 


THE VISTULA AND THE NETZE. 
Sheets 223, 224, 225, 226, 251, 252, 253, 254. 
The Vistula has a sharp elbow or turn in its course from 
northwest to about north close to Bromberg, some ninety miles 
south of its mouth. In prolongation of its upper course, but 


gradually curving to the westward, is a broad-floored valley now 


occupied by an insignificant stream, the Netze, which comes 
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from a side valley on the south about ten miles west of the 
elbow at Bromberg. This district has been cited by various 
authors as offering a good example of the diversion of a river 
from an old toa new course, leaving the old course to be occu- 
pied by a stream that is too small for it; but the cause of the 
diversion is not clearly stated. It is probably connected in 
some way with the changes determined by the later phases of 
glacial action. 

On going up the flat valley of the Netze, the plane of its 
gently ascending floor may be prolonged beyond Bromberg, and 
discovered again in terraces that now stand somewhat above the 
present channel of the Vistula. These terraces, like the meadow 
floor of the Netze, are enclosed by rather well defined slopes 
that descend from the rolling drift country of the upland. 
About four miles west of the elbow and close to the town of 
Bromberg, a small stream, the Brahe, enters the broad-floored 
valley from a narrow valley on the north. Instead of turning 
west and joining the Netze, it turns east and, as it were, flows 
backward to the Vistula, trenching the valley floor slightly on 
itsway. This behavior of the Brahe has very likely resulted from 
the formation by it of a flat alluvial fan on the broad floor of 
the Netze trough; such a fan being the characteristic product 
of a side stream that enters a broad valley deserted by the 
master stream. With the growth of the fan across the Netze 
trough, the Brahe has there formed a flat divide, and, happen- 
ing to run down the eastern slope of the fan, it found its way to 
the Vistula instead of maintaining a connection with the Netze, 
as it must have done for a time after the diversion of the greater 
river to its new course. 

It is important to note that the breadth of the Netze trough 
is not alone a sufficient reason for arguing that it cannot have 
been formed by a small stream ; for small streams may, in time, 
form broad valleys. But if the Netze had formed the broad 
valley, all the other small streams of the region should also flow 
in broad valleys, and this is by no means the case. Not only 
the Brahe from the north and the Netze from the south, but 
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also the Lobsonka from the north, all occupy comparatively 
narrow valleys. The Netze, therefore, evidently did not exca- 
vate the broad trough that it follows. Furthermore, the sides 
of this trough are on the whole rather sharply cut, as if by 
a powerful stream that frequently impinged on one or the 
other side, and not at all as if the valley had been widened 
by the slow action of a small stream. A pertinent account of 
this region may be expected in a promised essay on the ancient 
rivers of North Germany, by Berendt, in a forthcoming num- 


ber of the Forschungen zur Deutschen Landes und Volkskunde. 


rHE ENCLOSED BAYS OF THE BALTIC. 

Two groups: sheets 28, 48, 49, 71, 72, 73; and I, 3, 8, 15, 
16, 29, 30. 

On the southeastern side of the Baltic there are two bays 
known as the Frische (Frisian) and the Kurische, for the latter 
of which we have no ordinary English equivalent. The bays 
appear to be a product of the moderate submergence which 
this region has suffered, whereby its marginal lowlands and 
valleys have been flooded. At present both bays are enclosed 
by long curving sand-bars, and the original irregularity of the 
shore line has thus been greatly simplified. These bars are 
known as Nehrungen, a word that does not appear in the usual 
German dictionary. They are built up to heights of eighty o1 
one hundred, or even one hundred and eighty feet, by 
great sand dunes whose trend indicates the control by wes- 
terly winds. Both of the bars appear to have grown from 
southwest to northeast, as the end of the bars is now pushed 
far up towards the northern side of the bays. The curvature 
of the bars is, on the whole, remarkably smooth, but of greater 
inequality than that observed on similar bars on our Atlantic 
or Gulf coast, where the movement of the sea is much stronger 
than inthe Baltic. The outlets of both bays are now protected 
by jetties in order to prevent their shoaling by drifting sand. 


The enclosed waters being shallow and quiet, the streams 


entering the bays form minutely digitate deltas, thus illustrating 
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their control by stream intention. Similar streams entering a 
more active sea would be relatively less competent to carry out 
their intention, and there the deltas would be smooth and 
simple. The best of these deltas is that of the Nogat, a dis- 
tributary of the Vistula, which enters the Haff at its south- 
western end. An elaborate account of the Kurische Haff has 
been written by Berendt (Schr. Phys. Oek. Gesell. Kénigsberg, 
IX, 1868), and a general account of the Kurische Nehrung 
may be found in the essay by Bezzenberger in the Forschun- 


gen zur Deutschen Landes- und Volkskunde (Vol. III). 


rHE VALLEY OF THE MIDDLE RHINE. 


we 


Sheets 526, 527, 543, 544, 557, 558, 572, 57 

The long depression which the Rhine follows between the 
Vosges on the west and the Black Forest on the east is 
explained by German geologists as a Graben, produced by the 
downfall of a long block of country between the uplifted old 
mountain masses on either side." During the depression of the 
block, the Rhine does not appear to have been converted into 
a lake, for borings in the valley floor do not reveal lacustrine 
sediments, but pass through gravels and sands to a consider- 
able depth. It is therefore concluded that the Rhine aggraded 
its course and maintained itself as a river during the time of 
deformation.? When this is taken in connection with the next 
example, it will be seen that the Rhine in this portion of its 
course must be regarded as a very successful antecedent 
river, neither being laked where its floor was depressed nor 
turned aside where its floor was uplifted. 

The border of the valley is remarkably well defined north 
and south of Heidelburg, and for a considerable distance about 
opposite these points on the west; but only the medial portion 
of this low ground has the features of a river flood plain. On 
either side, and particularly on the west, the valley floor slopes 

‘Lepzius: Die Oberrheinische Teifebene und ihre Randgebirge, Forsch. z. deut. 
Landes- u. Volkskunde, I, 1885, 35-91. 


PENCK, in Kirchhoff’s Landerkunde des Erdtheils Europa, I, 1887, 232, 318. 
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from the margin towards the center and these slopes are 
trenched to a slight depth by streams that come out from the 
mountains; but along the middle belt the earlier and later mean- 
ders of the Rhine have developed a broad flood plain of well- 
defined features. The scars of old meanders are still visible in 
ox-bow lakes, in curved strips of marsh, and in crescentic 
depressions slightly beneath the general level of the plain, 
always convex away from the river, and of radius equivalent to 
that of existing meanders. These slight inequalities of form 
suffice to determine the position of many roads and property 
lines. Through most of this plain the Rhine now flows in a 
‘regulated”’ channel, much less meandering than its natural 
path. 

The Necker, which now enters the Rhine at Mannheim 
almost directly opposite its emergence from the mountains at 
Heidelberg, formerly ran northward along the east side of the 
plain to Zwingenberg and then obliquely across the plain 
almost to Mainz before entering the Rhine. The faint scars of 
its old meanders are traceable for nearly all this distance. 
These scars are distinguished from those of the Rhine by their 


small radius of curvature. 


THE GORGE OF THE RHINE, 


Sheets 458, 459, 483, 484, 505, 506, 525, 5206. 

The gorge of the Rhine from Bingen to Coblenz, where the 
Moselle enters from the west, is deeply trenched beneath the 
uplands of the Schiefergebirge; the Hunsriick on the west and 
the Taunus on the east. These uplands possess, as a whole, a 
very moderate inequality; they are in great part occupied and 
cultivated. Here and there linear ridges of quartzite and other 
resistant rocks maintain a distinct relief above the general level, 
forming the Idarwald, Soonwald, Rheingau, etc. Extended views 
may be obtained from their summits over the surrounding country. 
One of these points, the Katzenkopf (653 m.), near the village 


of Rheinbollen, discloses a particularly fine panorama on all 


sides. 
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These uplands are among the best examples that I have seen 
of worn-down mountains, now lifted and slightly dissected, but 
still retaining over broad areas the form to which they had been 
reduced while they yet stood close to the former baselevel of 
the region. The Rhine has cut its gorge directly across the 
uplands, and when this is taken in connection with its behavior 
on the open valley further south, it indicates very clearly the 
existence of the Rhine as a river antecedent to the differential 
movements by which the bread outlines of the present geography 
were determined. 

That the Rhine actually flowed across the country that is 
now raised to an upland position is demonstrated by a more 
minute study of the form of its present valley; this study being 
made, however, much more easily on the ground than by means 
of the maps. <A broad trough is sunk to a depth of about a 
hundred meters beneath the general level of the upland. On the 
floor of this trough is a level deposit of loess lying upon water- 
worn shingle, which in turn restS upon the bedrock. The pres- 
ent gorge of the Rhine is a narrow trench that is incised about 
250 meters beneath the loess-covered floor of the trough. The 
path of the Rhine in its gorge is much less sinuous than that of 
the Moselle on the west and the Lahn on the east. It is possible 
that this difference of behavior may be explained as the result 
transverse course of the larger river, and of the longitudinal 
courses of its side branches. During the former cycle of denu- 
dation the longitudinal streams would generally have had wider 
valleys and better chances to meander on their floors than the 
transverse Rhine could have had; and the result of their former 
meandering on flat valley floors is now seen in the meandering 
path of their steep-sided gorges. 

Following the lead of the larger rivers, the smaller side 
streams are actively at work dissecting the upland; but as yet 
they have seldom made much progress in their work. It is 
noticeable that upon the uplands of the Hunsriick three streams 
now flow south or southeast through the residual ridges of the 


Soonwald on their way to the Nahe and the Rhine, thus suggest- 
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ing an inheritance of their headwaters from geographic con- 
ditions long since vanished. Note should also be made of the 
antecedent course of the Nahe through the spur of the upland 


just back of Bingen. 


rHE GORGE OF THE MOSELLE. 


Sheets 502, 503, 504, 522, 523, 524, 539, 540, 541. 

The Moselle from Trier to Coblenz follows a deep and, for 
the most part, narrow and steep-sided valley, by which the upland 
of the Hunsriick is separated from that of the Eifel. Through 
the greater part of its course, the valley has a very strongly 
meandering habit, thus repeating the behavior of the lower 
Seine. In this case, however, there is fuller demonstration of 
the inheritance of the existing incised meanders from the normal 
meanders of the river when it was flowing on a broad-floored 
valley in an earlier cycle of denudation. The upland through 
which the Moselle flows is composed of greatly disturbed rocks 
which form part of the ancient Hercynian mountain system, 
stretching from the Ardennes northeast into Germany. Nearly 
all traces of mountain form was, however, lost in the long cycle 
of denudation in which the even uplands were produced; occa- 
sional ridges, like the Hochwald and Soonwald, alone remaining. 
At the close of that cycle the Moselle must have earned the right 
to meander as freely as it choose. The present meanders, it can 
hardly be doubted, are inherited from those early ones. The 
inheritance, however, is that of a third generation; for here, as 
in the case of the Rhine, the trench of the Moselle is sunk 
beneath a flat-floored trough, which, in turn, is excavated below 
the general level of the uplands. The existing meanders must 
therefore be regarded as following those that were developed 
upon the floor of the trough, while the trough meanders followed 
those that had been still earlier developed on the upland when 
it was a lowland. In the neighborhood of Berncastel, the necks 
of some of the spurs that enter the meanders have been reduced 
to a very narrow measure; in one case, the railroad that generally 


follows the river banks shortens its course by tunnelling through 
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the neck of the spur. Just above Berncastel, the narrowing of 
the necks of the ancient spurs has been carried still further, and 
two of them are cut through by the river; the abandoned mean- 
ders being now distinctly traceable in flat meadows that curve 
around the isolated extremities of the spurs. Sheets 503, 504 
include several of the maare in the volcanic district of the Eifel. 

These and other grouped sheets have been so instructive and 
profitable, both in studying and teaching, that I urge their use 
upon students and teachers of physiography in normal schools 
and colleges. They furnish numerous examples of well defined 
physiographic features, and thus serve to extend the fund of 
geographical types and illustrations far beyond the narrow 
limits within which the subject is usually carried forward from 
early school years. On some future occasion I hope to present 
briefer notes on a larger series of grouped sheets, to give further 
indication of the richness and variety of easily accessible mate- 
rial of this kind. 

W. M. Davis. 


HARVARD UNIVERSITY, 
Cambridge, Mass. 

















EDITORIAL. 


THE “ Report of the Research Committee, appointed to Col- 
lect Evidence as to Glacial Action in Australasia’’ ( Brisbane, 
1895), and the Presidential Address of Professor T. W. E. 
David before the Australasian Association for the Advancement 
of Science (of like date) together with Professor David's 
recent paper before the Geological Society of London, on 
‘‘Glacial Action in Australasia in Permo-Carboniferous Time,” 
bring forth into fresh and collective form a large mass of data 
respecting ancient glaciation which merit the most serious con- 
sideration of students of the climatic phases of the earth’s his- 
tory. In some degree, to be sure, the facts are familiar to geol- 
ogists, but the magnitude of the phenomena have not been so 
clearly and impressively set forth before. It is shown by 
detailed sections and by specific data of clear import that the 
Permian glacial phenomena of Australia, have great vertical as well 
as lateral extent. At Bacchus Marsh, for instance, there are at 
least eight successive deposits of well characterized glacial till, 
reaching an aggregate thickness of over 1100 feet. The whole 
section, including interstratified conglomerates, sandstones and 
shales, reaches 2000 feet. Six of the glacial bowlder beds reach 
thicknesses ranging from 132 to 235 feet. From this it appears 
that the vertical thickness greatly exceeds that of the Pleistocene 
glacial deposits of like situations. The known localities range 
through 12° in longitude and 21° in latitude and reach north 
of the tropic of Capricorn. The number of discovered localities 
has already become large. Extensive striated pavements occur 
at different places. The scratched bowlders are abundant and 
often large, reaching in one case a mass of thirty tons. In New 
South Wales a group of coal beds comprising from twenty to 


forty feet of coal occurs in the midst of the series. 
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These determinations do not rest upon the testimony of any 
single geologist or even a few geologists; they are the joint 
product of no less than twenty observers. In the light of these 
impressive phenomena, taken in connection with the exten- 
sive glaciation demonstrated in like manner in India and 
the less known phenomena of southern Africa, it is no longer 
our privilege to ignore or slight these most remarkable glacia- 
tions in our attempts to explain the origin of glacial periods. 
The agency assigned, it would appear, must ‘be competent to 
explain very extensive, very prolonged and very much inter- 
rupted glaciation, at seemingly low levels, in areas that lap 
across the tropics on both the north and south sides of the 
equator. Before any hypothesis is entitled to popular propa- 
gation (except under due qualifications) it should frankly meet 
and fully satisfy these limital and most extraordinary phe- 
nomena. Ee es SG 

















REVIEWS. 


Expedicion Cientifica al Popocatapetl. Jose G. AGUILERA Y EZE- 
QUIEL ORDONEZ. Mexico, 1895. 8vo, 48 pp., 6 plates and 
2 charts. Published by the Geological Commission of 
Mexico. 

THE volcano, to a description of which this pamphlet is devoted, 
is perhaps the most widely known of any in the Western Hemisphere. 
From the time of Cortez to the present, its towering height and con- 
dition of semi-activity have made it a subject of continual interest. 
Yet the descriptions of it so far published have, from a scientific point 
of view, been meager and fragmentary. Humboldt in his work on 
Mexico makes but brief mention of it. Later travelers, notably Felix 
and Lenk, have added much to our knowledge of the mountain, but 
their accounts have failed to give sufficient data to permit intelligent 
comparison of its characters with those of other great volcanoes. 

It is, therefore, a real service to the science of geology which the 
authors of this pamphlet have done, in preparing so comprehensive 
and careful a description of the features of Popocatapetl. While full 
recognition is made of the work of previous observers, the larger part 
of the data are original with the authors themselves. So compre- 
hensive, moreover, is the treatment of the subject that future study of 
the volcano may profitably be confined to special portions or phases of 
its structure. 

The work begins with a description of the orographic relations of 
the volcano, it being shown that it forms the most southern and high- 
est part of the Sierra which separates the valley of Mexico from the 
valley of Puebla. The form of the volcano is stated to be that of an 
elliptical cone whose major axis has a northwest-southeast direction. 
The cone is formed of three parts, the upper, covered by a mantle of 
perpetual snow, and hence having a uniform slope, the median, com- 
posed of sands whose surface is cut by radiating channels made by the 


flow of waters from above, and the lower, which is part of the highly 


516 














REVIEWS 517 


irregular and tortuous fold of the Sierra. Several great barrancas or 
ravines made by the flow of waters from above cut the lower portion 
of the cone and modify somewhat its relief. They take their origin 
in semicircular depressions of the cone which have a more or less 
crateriform aspect. ‘The most notable of these is that at the head of 
the Barranca del Fraile. It cuts a great amphitheater-like section 
out of the northwest flank of the mountain and is surmounted by a 
peak known as the Pico del Fraile. 

This great depression has usually been regarded as an old crater, 
but in the view of the authors it is simply a cavity cut in the moun- 
tain by atmospheric and stream erosion. Their reason for this view is 
that the slope of the strata of lava is everywhere uniform with that of 
the major cone. Had the lava exuded from this point they argue, 
the slope of the layers would have been away from the crater on all 
sides. 

The form of the crater at the summit of the mountain is that of an 
elliptical cylinder resting upon an inverted cone. 

Its greatest depth is 1640 feet (505 meters), greatest diameter 1988 
feet (612 meters) and least diameter 1299 feet (400 meters). These 
determinations, especially that of the depth, differ considerably from 
those made by previous observers. The form of the crater, the authors 
state, was probably originally that of an inverted cone. Their expla- 
nation of its present form is that by the accumulation of material dis- 
lodged from its walls, the interior has been filled up and the outer 
border extended till the interior walls are now nearly vertical. 

In regard to its structure, Popocatapetl is classed with the volcanoes 
known as stratified, on account of the resemblance to sedimentary for- 
mations presented by the succession of currents of lava of which it is 
made up. 

In the character of the lava of these successive outflows, a marked 
gradation can be traced, corresponding to a gradual decrease in the 
heat and energy of the volcano. The lavas of the lower currents are 
granular, devitrified and of trachytic structure; those of the upper 
currents, vitreous, of resinous luster and amorphous structure with a 
few phenocrysts. The difference in structure is ascribed to the fact 
that the upper currents being farther from the source of heat were 
more nearly cooled when poured out and became solid before time 
sufficed for crystallization. 

A difference in mineralogical composition between the upper and 
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lower lavas is also noticeable; the lower lavas are basalts containing 
a large amount of olivine; the upper, hypersthene andesites. 

Considering the products of the volcano asa whole, the life of the 
volcano can be divided into three periods, indicating a gradual 
decrease in its heat and energy. These may be denominated the 
period of lava eruptions, the period of breccia eruptions and the period 
of eruptions of ashes. 

Between the successive outflows of the first period, varying inter- 
vals of timeintervened. During the intervals the surface of the outflow 
became covered with masses of cooled and broken lava which were 
cemented by the next outflow into a breccia. These layers of breccia 
are prominent through the lavas and serve to mark the boundaries of 
each outflow. 

During the second period of the life of the volcano, solid material 
was ejected in the form of bombs, blocks of lava and pumice. These 
were more or less assorted by running water and consolidated by argil- 
laceous and ferruginous cements. Their character and relative position 
may now readily be studied in the Barranca of Tlamacas. 

During the last period of the life of the volcano, the coarse, 
black sands or ashes which cover the surface of the upper part 
of the cone were extruded. These have been moved about by 
winds and waters till now they are deposited over the surface of the 
cone in masses of very unequal thickness. Between these deposits are 
intercalated thin lenses of alluvium, indicating periods of repose in 
this phase of the volcanic activity as well. 

Attention is called to the similarity of the material poured forth 
by the volcano to that produced by eruptions in the valley of Mexico, 
and on this fact is based a suggestion as to the age of the lavas. In 
the latter place, the first eruptions of hypersthene andesites are covered 
by sediments in which are found remains of eguus, cartacus, elephas, 
etc., showing that the eruptions must have taken place in the early 
Pliocene. 

The early eruptions of Popocatapetl which produced olivine basalts 
are believed to have been contemporaneous with these, inasmuch as they 
underlie andesitic lavas similar to those of the Santa Catarina volcano. 
The lavas of the latter mountain are known to have been ejected at the 
time when the Pliocene sediments were forming over the valley of 
Mexico, hence the andesite lavas of Popocatapetl may be regarded as 


late Pliocene in age. 
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Attention is called to the fact that in this same region, volcanoes 
within very short distances of one another were producing at the same 
time, the one basalts, the other andesites. The practical contem- 
poraneity of the outflows is proved by the fact that beneath the lavas 
of each have been found human skulls and evidences of human industry. 

The occurrence is paralleled in modern times by the outflows of 
Jorullo and Colima. The lavas of the former are basalts, of the latter, 
andesites. 

The last pages of the work are devoted to a succinct description of 
the three types of rocks which go to make up the volume. They are 
classified as labradorite basalts, hypersthene andesites, either with or 
without augite, and trachytes. 

The height of the volcano is given as 17,701 feet (5450 meters). 

Observations made by the present writer during a recent visit to 
the volcano, in general go to substantiate the views presented in the 
work under discussion. He can, however, hardly agree with the authors 
in regarding the formation of all the vertical surfaces of the mountain 
as the result of erosion. 

It is especially difficult to understand how the walls of the crater 
could have become vertical in this way. The degradation of cliffs to 
form slopes is a phenomenon of common occurrence, but that the 
reverse can take place seems exceedingly doubtful. 

The vertical walls of the crater seem to the writer rather to give 
evidence of the character of the force which produced the latest erup- 
tions. It was an upward force, bringing up from below broken lavas 
and ashes. As the force was sufficient to send these many miles away 
from the volcano, it is not unreasonable to suppose that it was sufficient 
to break through and remove the lavas in the crater. Thus would 
be left a conduit with vertical walls, the only effect of subsequent ero- 
sion upon which would be that of degradation. That this is the process 
going on at the present time, a short stay in the crater makes evident. 

It seems much more probable that the walls of the so-called old 
crater may have been formed, as the authors suggest, by a process of 
erosion, yet their statement of the mode of formation is hardly satis- 
factory. 

Another feature of the volcano which the authors explain as the 
result of erosion, seems to the writer to have had a different origin. 
This is the assemblage of lavas at the point called La Cruz. Herethe 
lava lies in great ridges which jut out prominently from the slope of 
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ashes which cover the cone. Since these lavas are similar to those 
found in the crater, the authors regard them as vestiges of the latest 
flow, from which the areas connecting them with those above have been 
removed by erosion. The lineal character of the ridges, however, and 
their prominence, seem to the writer sufficient evidence for regarding 
them, as is usually done, lateral outbursts through the side of the cone. 
The work is illustrated by several fair plates giving sketches of 
portions of the volcano. The employment of photographs for pur- 
poses of illustration would have been, however, more satisfactory. 


OLIVER C. FARRINGTON. 


RECENT WORK ON THE CARBONIFEROUS OF 
KANSAS. 
Stratigraphy of the Kansas Coal Measures, by Erasmus Hawortu, 
Kansas Univ. Quart., Vol. III, pp. 281-295, 1895. 
Classification of the Upper Paleozoic Rocks of Central Kansas, by 
Cuas. S. Prosser. Journal Geology, Vol. III, pp. 682-705 
and 764-800, 1895. 


Permian System of Kansas, by F. W. Cracix. Colorado College 

Studies, Vol. VI, pp: 1-48, 1896. 

\ generation ago the upper Carboniferous succession in Kansas 
was the subject of prolonged and ofttimes somewhat acrimonious 
discussion. Since the close of that memorable debate there has been 
until very recently very little investigation undertaken in the state. 
So, for more than a quarter of a century practically nothing has been 
done to clear up the doubt concerning the question of the natural sub- 
divisions of the Carboniferous system of that region; and for the 
same period little attempt has been made to decipher the stratigraphy 
of the formations which constitute the whole eastern third of the 
state. 

Of late, within a few months of one another, three important 
memoirs have appeared which have greatly extended our knowledge of 
the stratigraphy of the region. These contributions, primarily to 
Kansas geology, are by Dr. Erasmus Haworth, Professor Charles S. 
Prosser, and Professor F. W. Cragin. ‘The work along the three lines 


being undertaken without regard to one another the results are in no 


way directly connected. While this method of treatment has the 
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advantage of giving conclusions which have been reached independ- 


; ently it lacks the greater completeness which would have existed had 
the work been compared and adjusted in advance to publication. 


Through ‘the details given the advancement of the whole subject is 
such as will enable a rational classification of the strata to be outlined 
with little fear that any radical departure will be necessary in the 
future. The results are not only important as regards the state of 


| Kansas but they are especially valuable in pointing out more accurately 

! than ever before the stratigraphical relations between the Carbonifer- 

ous rocks of that state and those of Missouri and Iowa. The Kansas 

work supplies the information heretofore lacking which enables the 

geological history of the whole Western Interior coal province to be 

made out with a reasonable degree of satisfaction. ‘The most impor- 

tant point of all however is that the three papers furnish the facts 

which until now have been needed to outline a rational classification of 

the Carboniferous deposits of the Mississippi basin. The main sub- 

divisions are so clearly defined over the whole Western Interior regions 

that it becomes a matter of surprise and even wonderment that so 

many other and diverse lines of demarkation should have been 

selected. The systematic arrangement of the main subdivisions of the 

Carboniferous is now practically the same in lowa, Missouri, Nebraska, 

/ Kansas, Arkansas, Indian Territory and Oklahoma ; and hence forward 

these states can have a uniform nomenclature so far as the upper Pale- 

ozoic formations are concerned. The minor stages of each of the major 

subdivisions or series differ in different localities. They will probably 

have to be established separately in each of the several states. Local 

members have already been named for the greater part of Kansas and 

the number and limits of similar local formations have not been 
entirely neglected in other parts of the province. 

As the outcome of the recent work, and other late investigations 


of which special mention need not be made at this time, the Carbonif- 


j 

erous of the Continental Interior appears to be separable into four 

principal sections or series. In a general way these correspond essen- 
/ tially with the four old subdivisons: the Lower Carboniferous, Lower 

' Coal Measures, Upper Coal Measures, and the Permian. While the 


old and new lines of separation have approximately similar positions 
f they do notcoincide. Moreover the old lines were vague, different in 
the different states and even in different parts of the same state. The 


new lines are sharply defined in all particulars. In the field they are 
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easily distinguished by their lithological characters and the features 
which they impart to the physiography. Stratigraphically and faunally 
they are equally well marked. 

Between the lowest of the four series, the Mississippian limestone, 
and the lower or productive Coal Measures, composed chiefly of argil- 
laceous shale and sandstone, the separation is everywhere distinct. 
Limiting the shales above and forming the base of a series of more 
open sea deposits, known as the upper Coal Measures, is the Bethany 
limestone, of which the Erie or Triple limestone of Kansas and the 
Winterset limestone of lowa are equivalents. In the field the thick 
limestone forms a more or less well-defined eastward facing escarp- 
ment from north-central Iowa through Missouri and Kansas to Indian 
Territory. The uppermost member of the upper Coal Measuresis also 
a limestone with characteristic features. It has been traced from south- 
eastern Nebraska across Kansas into Oklahoma. These three lines 
separate with remarkable clearness the great body of strata of the 
western Mississippi basin, which lie between the Devonian and the 
Cretaceous. A wealth of information is now at hand by which the 
four series can be fully described in accordance with modern rules of 
nomenclature: the geographic distribution, the stratigraphic position, 
the lithological character and the biological definition of each is capa- 
ble of exact consideration. 

Of the three articles, that by Dr. Haworth treats of the second and 
third great subdivisions, that of Professor Prosser the third and fourth, 
and that of Professor Cragin chiefly the fourth or uppermost. 

Professor Haworth’s paper is a summary of a fuller account of the 
stratigraphy of the Kansas Coal Measures that is to appear soon. 
lhe formation of the lower Coal Measures to which local names are given, 
are, beginning at the base, the Cherokee shales, Oswego and Pawnee 
limestones and the Pleasanton shales. The total thickness is regarded 
as 800 feet. In the upper Coal Measures are: the Erie or Triple lime- 
stone, Thayer shales, lola limestone, Lane shales, Garnett limestone 
and Lawrence shales. Above the latter are the Oread, Lecompton, 
‘Fopeka and other limestones up to the Cottonwood limestone. These 
are separated by beds of shales of greater or less thickness which, with 


two exceptions, are not named. The aggregate thickness of the upper 


Coal Measures is placed at 1950 feet. 
The formations of the lower Coal Measures and of the lower half of 
the upper Coal Measures appear to be well defined. The exact deter 
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mination of the formations of the upper half of the upper Coal Meas- 
ures has been reserved for subsequent consideration. The summit of 
the upper Coal Measures is placed some distance above the top of the 
Cottonwood limestone. ‘The divisions between the Permian and the 
Coal Measures has not been located definitely and will probably be 
placed not more than 100 feet above the Cottonwood Falls limestone, 
as the paleontologic evidence upon which such a division must depend 
seems to show that the greatest change of marine invertebrate life 
occurs not long after the formation of the existing fossiliferous shales 
lying above the Cottonwood Falls rock.” 

Paragraphs are given on the ratio of the limestone to shale and 
sandstone, on the characteristics of the limestones and sandstones, on 
the inclination of the strata, on the origin of the shales and on the 
general conditions of deposition. Two subordinate papers are attached 
which are in reality parts of the one under consideration. The first is 
on the division of the Kansas Coal Measures and the other on the coal 
fields of Kansas, in which are described the stratigraphical locations of 
the various coal beds in the different formations. There is also a con- 
sideration of the physical and chemical properties and the commercial 
values of the coals. 

Although no special review of Professor Prosser’s contribution is 
here necessary, as it appeared in the JOURNAL OF GEOLOGY, it should be 
mentioned for the sake of completeness. ‘The most important fea- 
ture perhaps, is the determination of the line of separation between 
what has been heretofore called the Upper Coal Measures and the Per 
mian, the horizon selected being the fossil-bearing shales lying imme 
diately over the Cottonwood limestone. The various subordinate 
formations are very clearly defined and fully described. 

In Professor Cragins’ account of the Permian system of Kansas a 
number of new names are proposed. Although Professor Prosser’s 
work is noted and some quotations made it is not clear just what the 
relations are of the subdivisions proposed by the two authors. The 
following is the scheme suggested : 

Cimarron Series. 
Kiger division. 
Big Basin sandstone. 
Hackberry shales. 
Day Creek dolomite. 
Red Bluff sandstones. 
Dog Creek shales. 
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Salt Fork division. 
Cave Creek gypsums. 
Flower-pot shales 
Cedar Hills sandstones. 
Salt Plain measures. 
Harper sandstones. 
Big Blue Series. 
Summer division. 
Wellington shales 
Geuda Salt measures. 
Flint Hills division. 
Chase limestones. 


Neosha shales 
\ statement of particular significance and interest is that “In the 
past four decades geologists have repeatedly shown that the passage 
from the Carboniferous to the Permian system in Kansas is gradual 
and includes an interval of so-called Permo-Carboniferous rocks which 
combine the faunz of both systems. The evidence of continuity and 
the question of the proper disposal of these intermediate rocks have 


led to much difference of opinion, some even having gone to the 


extreme of abandoning the Permian as a system of age, merging it in the 


Carboniferous, in attempting to avoid the difficulty of the situation. 
Che Permian in America, is, however, a great and widely distributed 


‘ 


system, dithcult of diagnosis, though it may often be, from paucity 


of paleontological data It is finely developed in Texas, where it has 
great thickness and has been found to have occasional fossiliferous hori- 
zons to within less than 2 feet of its summit. The Permian of the 


Kansas-Oklahoma basin undoubtedly has many similarities to that of 
lexas, but it is probably on only one or two of the terranes of the 
upper Permian, especially in the medicine lodge gypsum, that strati- 
graphic continuity or even parallelism of physico-geographic condi- 
tions can be traced between them. It therefore seems necessary to 
treat the Permian north and south of the Ouachita mountain system 
as belonging to two distinct basins, and profitless to attempt divisional 


correlation between them.’ CHARLES R. KEYES. 


Wissenschaftliche Ergebnisse der Finnischen Expeditionen nach der 


Halbinsel Kola, pp. 857 


/ 


and numerous plates and maps, 
lLlelsingfors, ISQgO0-92. 


lhe expeditions referred to in the title were sent out by the Finnish 


Society of Botany and Zodlogy, the University of Helsingfors and some 
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private parties in 1887-89-92. The object was the study of the fauna 
and flora, geology, geography, and meteorology of the Kola penin- 
sula or Russian Lapland which lies between the White Sea and the 
Arctic Ocean. It is roughly 200 by 300 miles in area and was practi- 
cally an unknown territory, the largest on the map of Europe. More- 
over, the region presents some peculiarly interesting features. It is a 
moderately high and smooth area almost entirely within the Arctic 
circle. It was almost directly in the path of the Scandinavian ice- 
sheet as it advanced into Russia. It also promised to throw some 
into the 


, 


light on the transition from the Scandinavian “ Urgebirge’ 
sedimentary formations of North Russia or from the Alpine regions 
of the west to the flat Tundras of the East. The scientists of the 
party were Dr. R. Enwald and Professor J. A. Palmen, zodlogists, Drs. 
V. F. Brotherus and A. O. Kihlman, botanists, Dr. W. Ramsay, geol- 
ogist and “Mag. A. Petrelius, geodesist. The results were many and 
various. ‘The peninsula was found to bea plateau of moderate height 
with a mountain mass, West of the center reaching a height of 3900 
feet. The main part of the area shows only crystalline rocks, granite, 
gneiss and schists called by Ramsay “ Grundgebirge.” There are 
little fringes of sedimentary rocks on the north, south, and south- 
east coast. ‘These are without fossils and are referred to the Devonian. 
The mountains referred to are thought to be eruptive and are composed 
of nepheline-syenite. This highland furnishes a favorable place for 
the study of glaciation. Proof was found that the highest land was’ 
covered by an eastward moving ice-sheet. Following this was a 
so-called ‘Nunatak’ period when the ice moved southeastward. 
There were abundant proofs of local glaciation reaching well toward 
the present. A considerable series of rock was collected and the 
results of petrographical studies by Dr. Hackman are given in much 
detail. 

The biologic work was none the less important. Maps are given 
showing the tree limit and the distribution of pines, birches and juni- 
pers. The flora was found not to be so strongly Arctic as had been 
supposed. ‘The mosses and lichens were studied by Brotherus and 
Sanio, while Kihlman treats of the natural conditions of the country 
as regards the growth and distribution of vegetation. We know no 
equally full and lucid treatment of the subject for an Arctic region. 
We wish in closing to express our appreciation of this work as a 
whole. The University of Helsingfors, the Finnish Society and the 














a 











526 RECENT PUBLICATIONS 


scientists of the expedition are to be congratulated both on the wisdom 
which planned and carried out the enterprise and on the rich fruits 
which attended it. We will await other publications of this university 
with pleasant anticipation. D. P.N. 
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